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ABSTRACT 

This manual iras conceived and developed by a team of 
teachers and subject matter experts from diverse areas and planned as 
a resourcp for teachers at the middle school and high school levels 
vho are concerned irith air pollution. Not intended as a syllabus or 
student text, it offers^ inforiBation and sample exetcises which nay be 
incorporated into a variety of subject^ areas together irith data, 
charts, and illustrations irhich nay be useful in classroom 
situations. The manual is essentially in four sections: (1) basic 
background in the scientific and societal origins of the problem of 
air polluti,on (scientific — composition and structure of the 
atmosphere, thermal energy and its effects,^ physical processes, local 
topographic effects/ effects of cities, and interactidg atmospheric 
subsystems; societal — historical perspectives, system 'of relations ^ 
among individuals, long-range consequences, change and adaptation, 
and impetus for solutions) ; (7:) treatment of the nature and scope of 
man's activities vLich contribute to air pollution, including primary 
industries, process industries, transportation, service industries, 
governnental activities, community activities, and recreational 
activities; (3) sample exercises iJk .the sciences, social sciences, 
and humanities; and (4) bibliography. Bach section is treated 
comprehensively (BX*) 
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KIEPACE 

The manual vas conceiyed by a teaa of writers and subject* 
satter consultants* vbicb gatbered dMriog tbe^ summer of I970, united In 
a con&on interest—air pollution. They maintained tbe folloving premises 
as a foundation upon which to center their activity: 

1. Pollution problaas are interdisciplinary in origin 
and solution. 

2. Teaching in the area of environmental problems should 
not be delegated to an "ecology** ^oursv'i* but should 
be incorporated in all cotarses, at lerels of 

^ education. 

^ 3. Mother way of incotToratiag the interdisciplinary 

approach is to orient teaching around real environmentsJ. 
problems. 

^. An effective resource manual should be created with the 
active assistance of those persons who represent the 
potential users. 

The above guidelines have become cliches of the environmental 
education movement, often spoken about, but seldom converted to action. 
With these guidelines a team of writers and subject matter experts were 
drawn from such diverse areas as economics, geography, atmospheric sci- 
ence, sociolO(^, and law. The writers were primarily secondary and 
middle school teachers of English, social science, and science. The en- 
tire ^r*up exchanged ideas, evaluated written efforts, and learned from 
one another. The finished product is a manual of essentially four sec- 
tions; 
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1. A ))asic backgrour.d in the scientific and societal 
origins of the protlein» 

2. A treatment of the nature and scope of man-s activities 
which contribute to air pollution. 

3* Sample exercises in the sciences, social sciences, and 

/ humanities. 

^. A bibliography. 

The manual is planned as a resource for teachers at the middle 

* 

school and high school levels» It is not intended to serve either as a 
syllabus, or as a student text* ^ In the ideal sense, the teacher, or pos- 
sibly groups of cooperating teachers, might select units which would be 
isuggestive of activities corresponding to their respective areas of study. ^ 
Additionally, data, charts^ and illustrations have been incorporated, which 
may be useful in classroom situations. Many of the illustrative exerciser 
have heen highly structured as a guide for the person making his first 
attempts in this area of instruction. As each individual's program evolves, 
it is hoped that the teacher will use these exercises as a starting point 
for more locally adapted and open-ended procedures. 

Finally, as a teacher resource, the manual presents ideas which 
haTfe been utilized extensively at all levels — elementary school through 
undergraduate instruction in college. We hop^ that its utilization vill 
extend also to the primary gradf>s, since this area represents a critical 
period in environmental education. 

Robert C> Numljerger 
Pro,1ect Director 
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I. The Atmosphere 
A • In t roducti on 

It is only possible to hypothesize about the original atmos- 
phere of the earth and its evolution over the past ^ billion years* 
Since the atmosphere has been continuously polluted "by natural geo- 
physical anol bio-physicetl systems prior to and during man's existence 
on earth, it is not possible to define an imcontaminated atmosphere. 
It is, however, possible to establish notins for the various constituents 
of the atmosphere and limits con^atible with the maintenance of life 
systems- These limits are subject to cheuige as we learn more Bbou-. the 
dynamic beilance of our eco^stem. In order to have a clearer undtsr- 
standing of the problem of air pollution ^ it is necessary to first know 
something of composition and dynamics of the atmosphere. 

B, Composition ard structure of the atmosphere 

It is necessary to know the present dynamic system (.in terms 
of its composition) in order to assess past changes and project 
possible future changes. A typicetl clean « dry atmosphv;re contains 

nitrogen, 20.9^% oxygen, with the remaining 0.973! consisting 
of small amounts of carbon dioxide, neo^, helium, argon, krypton, and 
xenon by volume. Smetll amounts of other inorganic and organic gases 
are found in the atmosphei:e varying with time and place. Water vapor 
is present, varying in concentration up to Nitrogen, oxygen, 

argon^ caxbon dioxide, neon, and helium. are believed to remain essen- 
tietlly unchanged in these relative concentrations hy volume, up to 50 
kilometers (se^ table l)< 

Until about five years ago, gases such as nitrous oxide. 
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TABLE 1 

Composition of clean, dry air near flea level* 



. Content 
Co mponent % by vol . ppm 



Content 

Component % by vol . pjM 



Nitrogen 

Oxygen 

Argon 



Carbon 
Dioxide 

Neon 



Helixim 
KryptOD 

Xenon 

Nitrous 
Oxide 



78.09' 
20. 9^* 
.93 

.0313 
.0018 

.00052 
.0001 
- 000008 



760,900 
209, it 00 
^9,300 

318 
18 

'5-2 
1 

0,08 



Hydrogen 

Methane 

Nitrogen 
Dioxide 

Ozone 

Siilfur 
Dioxide 

Carbon 
bton oxide 

Ammonia 



- 00005 0.5 

.00015 1.5 

.0000001 0.001 

,000002 0.02 

.00000002 *0002 

.00001 0.1 

,000001 .01 



,000025 0.25 



*From Cleaning Our Environment the Chemical Basis oif Action^ Americaji 
Chemical Society Washington, D.C., 19^9 page 2i*. 



nitrogen dioxide, methane, sulfur dioxide, carlDon monoxide and 
ajnaonlQ, were not even included in a tal)le listing the composition of. 
clean, dry air. Although these compounds are small in quantity, they 
are important because they represent* gaseous pollutants added to 
the atmosphere. The average daily concentration, measured at 
street level In. a large city, may exceed l^^ppm for carhon monoxide. 
Normal values for nitrogen dioxide are 0.09 ppm, and 0.111 ppm for 
sxilfur dioxide. The average daily concentration is contrasted vith 
government standards in Table 2. 

Table 2 

Concentration of Pollutant Levels 



Average Daily Concentration 
C0Ejp6nent Measured at Street Level Government Standards 



Carbon 
Monoxide 

Oxidants 



greater than 15 ppm 
.0^ ppm 



9 ppm per 8 hrs. 

0.08 ppm per 
hour 



Nitrogen 
Dioxide 

Sulfur 
Dioxide 

Suspended 
Partic\0.ates 

Hydrocarbons 



.09 ppm 



.111 ppm 



12^ micrograms/ 
cubic meter (m3] 

2.5 ppm 



0*05 ppm 



less than. .03 ppm 



less than 2^0 micrograiiis/m^/2it hr 
0.2li ppm/3 hrs. 



All of these constituents compose an atmosphere whi U is 
divided into various sectors (e<g. the troposphere, closest to 
the earth, the stratosphere, the mesosphere, and the thermosphere) , 
based on physical properties. 

Figure X presents the major divisions according to the 
I.U.G.G. 19^50 proposal. The lowest layer of the atmosphere, from 
t*h<; earth's surface to the tropopause, is called the troposphero. 
This region varies in height from 17-20 kilometers in the tropics, 
to 8-10 kilometers in the polar regions. Within this region is 
produced all of "^our weather, and man's activities are primarily 
restricted to its limits. Ilie temperature, pressure, and water 
vapor content decrease upward in this region. From the earth's 
surface to ahout 8 kilometers in the troposphere, the pressure 
decreases ahbut 1 millibar per 10 meters* 

Ifhe stratosphere has an isothermal lower layer. In its 
upper region, the temperature increases with elevation. This 
region is noted for its ozone, the production of which aids in 
depleting the incoming ultraviolet radiation, which damages living 
tissue. The horizontal dashed line a* al)out 30 kilometers (in 
Figure I) is important, since 99% of the weight of the atmosphere 
is l)elow this level. Our discussion will principally involved 
with man's effect on the troposphere, with some reference to the 
stratosphere. 

The mesosphere is a region in which the temperature . 
decreases rapidly with height, reaching the coldest point in the 
atmosphere, approximately 170 de/^rees Kelvin, or al)out -9^ degree:s 
Cclrsius. Iij the Lijtjrmo5p)K-irt: , tvie temperature increases rapidly jti 
first, and then more slowly with tjeight. 

The uppermost reg;ion, known as the exosphere, l)egins at 60fi 
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1000 km, and is not shown on the diagram. In the exosphere, particles 

it- 

can escape the earth's gravitational pull; therefore, this region 
marks the zone of transition betvetin the earth's atmosphere and 
interplanetary sp^ace. 

Scientists other than meteorologists and atmospheric scientists 
are interested in spe«cific atmospheric procef^ses. l*hese ""people have 
developed systems of nomenclature used for various parts of the atmosphere, 
according to their particular- interest. These alternative systems 
are included in Figure 1. It is hoped that this inclusion will prevent 
any misunderstanding in terminology* 

C, Thermal Energy and Its Effects 

Energy is commonly defined as the capacity to do worlt. It 
may take a number of forms: beat, mechaniceil, electrlceil, and chemical. 
The main source of the energy for our earth is the sun, and an impor- 
tant function. of the energy from the sun is the heating of . the earth's 
surface and our atmosphere. 

Some points are to be noted in considering atmoe;pheric 

dynamics : 

1, An energy betlance has existed over a few hundred years 
between the sun and the earth/atmosphere system (the Globetl Heat Betlance 
is summarized in Figure 2). The incoming solar radiant energy (insolation) 
is taken to be eq^ual to 100 units » or 100^. The absorption by ozone in 
the stratosphere is not considered in this di^^ram.. Fifteen per cent 
of the insolation is absorbed by carbon dioxide^ oxygen, ozone, vater 
vapor, clouds » and dust in the troposphere. Forty-three percent of the 
energy reacfjes tj^.e r^:&rth*s juz-ract^ D.;th directly, and by radiation, 
which scK-:^-\-: ' the Iropo^^phtr/. - U2%.of the energy. 
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which is reflecteo^ back to space from the earth's surface (snow, water, 
land, clouds, and air molecular scattering), is known as the earth's^ 
albedo. 

The incoming solar radiant energy is predominantly in the 
short wavelength region of the electromagr.etic radiation spectrum. The 
outgoing radiation from the earth's surface and the troposphere reaches 
its height in the Jlonger wavelength region of the electromagnetic radiation 
spectrum, known as the infrared region. Three percent of the outgoing 
radiation from the earth's surface leaves the atmosphere directly, and 
goes back to space. The majority of the energy that leaves the earth's 
surface is absorbed by carbon dioxide, water vapor, and cloud droplets 
in the troposphere; this energy is then radiated outward to space and 
backward to the earth's surface, thus further warming it. This phenomenon 
is known as the "Greenhouse Effect." 

Some of the energy that leaves the earth's surface does so an 
the form of latent energy when liquif^ vater is converted to the vapor 
phase. To achieve a beilance for the atmosphere, we assume this evaporative 
process, along with conduction, to be 6% of the total heat loss. 

2. The uneven distribution of energy on the earth's surface, 
and the rotation of the earth about its axis, produce the large-scale, 
horizonteil movement of air, called winds. Different substances absorb 
insolation at different rates. These different absorption rates, plus 
further differences in thermal conduction and mobility (e.g. gases 
vs. solids), result in uneven heating of the earth's surface. These 
combined processes produce three cells in the meridionetl plane (see 
Figure 3) . 

The cells closest to the equatorial &xio. polar regions are 
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called Hadley, or direct circulatio^|^^^^j;?As the atmosphere closest to 
the earth* s surface is warmed, it becomes buoyeuit and rises. The result- 
ing circxilations are energy-producing. The middle cell, in either 
hemisphere, is ceilled.a Ferrell, or indirect cell. In essence, this cell 
raises cool* dense air, and forces vaxm, light air downward. The end 
resxilt of this process is the conversion of the energy generated by the 
Hadley cells into potential energy. The cells, then, are part of a 
simple thermal engine that moves energy from one location to another 
a different latitude* helping to establish the heat beilance of the 
earth/atmosphere system in the process. 

The sinking air at the Horse Latitudes (30 degrees) is warmed by 
compression, and is quite dry (i.e. of low relative humidity). There 
is limited chance of precipitation* and* in fact* tremendous evaporation 
occurs at this latitude around the earth. The major deserts of the world 
are found near this region in both hemispheres. 

The sinking process , bec&use it is persistent, leads to two 
semi'permanent features in the Northern Hemisphere — the Bermuda and the 
Pacific high pressure regions. The Aleutian and Icelandic lows associated 
with the region denoted by the area marked **polar front*** resxilt from 
the same persistent air movement, except that this region represents air 
that is rising and cooling.. 

Along a band between two different latitudes, the uneven heating 
of the earth's surface produces both high and low pressure regions. As the 
air near the earth's surface flows from the high pressure region toward the 
low pressure region, it is deflected to the right (of an observer looking 
along the direction of flow) in the Northern hemisphere. This apparent 
deflection is attributed to the earth's rotation about its axis and is the 

O 
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Ccriolis deflection. The most important results of this deflection 
are the Jnajor wind systems, as labeled in Figure 3* 

Winds are always named for the direction from which they blow. 
Furthermore, a west wind is one that is moving west-east faster than 
the earth is rotating in this direction, and an east wind is one that 
is moving west--east slower than the earth is rotating in the west-east 
direction . 

D. Physical processes 

There are physical processes in the atmosphere which may have 
an effect, whether detrimental or beneficietl, on man. It is necessary 
to understand these processes in order that we may understand and 
influence our atmosphere. Control of the following processes is not 
within our present capabilities; however, we may, by our actions, ina<lver- 
tently influence their balance, or produce an effect which is detrimen- 
tal to our environment. 

1. Lapse rates 

a. Vertical movement of air causes it to cool at a specific 
rate, depending upon its moisture content. When the air 
rises, it expands, because the pressure aloft is decreasing. 
This expansion Krequires work to be done at the expense of 
the internal f-^nergy of the volume of air. . This lowers its 
temperature Sit the rate of 5*^ degrees F/1000 feet, or 1(J 
degrees Celsius/km (see Figure U). This specific rate is 
known as the &ry adlabav.ic lapse rate, since no energy is 
exchanged between the ambient air and the rising parcel. 
When the air hecomes saturated and water vapor begins to 
con<lense, the latent heat of vapori2ation causes the parcel 
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to cool at a rate which is less than the dry adiabatic 

rate. This is termed the moist adiabatic rate. 

The troposphere has, at any one time, a definite rate 

of temperature change in the verticetl-^ which may suppress 

or enhance vertical air movement. The existing temperature 

decrease with height will vary with local atmospheric 

conditions (Figure U). When the ambient air is isothermal, 

a rising parcel will first be buoyant and then become 

denser than the surrounding atmosphere. Where the two lapse 

rates cross* vertical motion is suppressed. . 

An inversion exists when the temperature increases 

with elevation. I'he parcel will again, for a short time, 

1 ■ 

be buoyant, but the vertical ascent is rapidly suppressed 
beyond the crossing of the two lapse rates. The weaJ^ or 
the strong lapse will produce vertical motion thajt is en- 
hanced. If the atmosphere shoxild be "dry adiabatic," 
then the parcel will continue to rise at a constant 
rate. 

Vertical motion of air is one of the major methods 
ty, which air pollutants are dispersed from theisr sources. 
Ejected into the upper atmosphere, the pollutants are 
readily moved horizontally by the strong winds edoft in the 
mid^latitudes . Any suppression of vertical motion leads 
to a concentration of pollutants locally, especially if there 
are light horizontal winds near the surface of the earth. 
Suppression of vertical motion and the consequent concentra- 
tion of pollutants can he prclu*-^i by thv b^v- ^■ :)p ^.f ^ 
warm air- mass etloft ^ or by k ^n^^Wtiori„ ^i'ji; 



frontal inversion. 

When meteorological conditions are appropriate, 
a large mass of warm air aloft laay movie over a locality. 
This produces an inversion aloft and effectively places 
a lid on any vertical convection from the earth's surface 
upward, -Jf this sltuatiori persists long enough » serious 
local concentrations of pollutants may accumulate. 

In Figiire 5 ♦ diagrams A and B refer to subsidence 
Inversions produced by high pressure regions. The curve 

in these cases represents very dry air. The air descends 
and is heated by compression in a high pressure region. 
The inversioi:! becomes particularly acute when the high 
pressure region stagnates for k or more doys.' Along the 
eastern seaboard^ there is a maximum frequency of stagnatiPn 
in October^ and a secondary maximum frequency in June. 
A radiation inversion (Figure 5-c) occurs most frequently 
during winter nights^ when clear^ calm conditions prevail. 
The earth's surface is always radiating energy in the 
infrared region^ resulting in cooling of both the earth's 
surface and the atmosphere in contact with that surface. 
In this type of inversion ^ the moisture content, , is 
higher than in the case of a subsidence inversion. Usually 
this inversion produces maximum concentration of atmos- 
pheric pollutants in the early morning hours* Vertical 
motion produced by insolation eliminates the radiation 
inversion by latf^ morning or early afternoon. 



Pigure 5 ^ 

Inversion Ifeinperature Structure 
aiid Moisture Content 




Diagram D represents the temperature inversion 
structure th^t exists with a cold frontal system. 
However, frontal trapping can occur with either cold 
or warm fronts. The movement of the fronted system is 
important in determining the pollutant levels that can 
occur. The slower the fronted system moves, the higher 
the concentration of pollutants; for this reason, slower 
moving warm fronts are associated with large-scale trap- 
ping. Sur^ce winds ahead of the warm front will usually 
be less intense than than those behind a cold front. In 
many instances > precipitation is associated with fronted 
activity; this precipitation will further reduce the 
concentration of pollutants because of its cleansing prop- 
erties. 
2. Cleansing processes 

a. The troposphere can cleanse itself by the natural mechanisms 
of impaction, precipitation and sedimentation. These 
mechanisjns are responsible for removing particles from the 
atmosphere. An investigation of Figure 6 shows that at 
radii greater than about 10*^ cm. (1 micron), we find y95£ 
of the particulate mass accounted for in the atmosphere. 
Very few pea*ticles are involved compared to the particles 
less than lO"^ cm. in radius^ which account for 99% of 
the toted number of particles found in the atmosphere, . 

Particles larger than 0,i - 1 micron in radium; hnvkt 
high sedimentary rates. They settle out of the atmosphere 
with:ln a short distrmre pf their source because of the 
weight of the partic .t^s involif*id. Ten to forty percent of 
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the particulate matter in the atmosphere is removed by 
sedimentation * 

The impaction of airborne particulates with different 
structures is also an effective means of removal* Most 
darkening and discoloration of buildings occurs because 
of this process. If particulates adhere to each other 
upon impaction, the process is called coagulation* This 
results in increased mass and leads to sedimentation of 
the original particulates* 

The majority of particulates are removed by some 
form of precipitation* The Aitken nuclei . (Figure 6) are 
presumed to be produced as combustion by-products from 
automobiles, and are effective hygroscopic nuclei which 
initiate droplet formation* Other hygroscopic nuclei are 
salt particles from sea spray, and smoke* These particles 
absorb moisture and produce droplets ranging from 10-100 
microns, which are found in clouds* The droplets grow 
upon collision when convective motions are produced with-* 
in the clouds* The resulting droplet growth produces 
sm€LLl to large rain drops in the range of 1,000 to 5,000 
microns* The raindrops capture more particles by collision 
as they descend* This is a temporary cleansing effect, 
since the rain, does not last forever; but the sources of 
particulate pollution usucdly continuously emit particle 
pollutants into the atmosphere* 

Another mechtJiism responsi.ble for rapid growth of 
liquid droplets involves ice crystals* Water vapor con- 
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denses repidly on ice crystals, and a sizable droplet 
results in a very short time. Freezing nuclei are about 
l/lOOO the number of hygroscopic nuclei per liter. 
Sources of freezing nuclei are volcanoes, meteoric dust, 
lead iodide, and sil^ver iodide. Nuclei from the latter 
tvo sources may lead to weather )nodi fi cat ions , producing 
either precipitation or drought. The end result depends 
upon the amount of freezing nuclei and water vapor present. 

An iitsportant idea must be put forth here. Particles 
are neceissary for the production of precipitation. With 
an absolutely clean atmosphere it is highly probable that 
there vtoxild be no precipitation at all. Paradoxical as 
this may seem* particles, or major atmospheric pollutants, 
are necessary for precipitation to occur^ the precipitation 
then removes the particles which had initially caused its 
onset. 

The atmosphere can effectively localize gases and particles 
without removal by the formation of clouds. At any 
instant in the troposphere^ there are more liquid water 
droplets in (Clouds than in rainwater. As convective 
currents and entraininent occur at the edges of the cloud, 
the cloud droplets can act as a filtering system for the 
atmosphere. The droplets capture particles by impaction, 
and if the droplet evaporates, a residual* larger particJe 
is left, which can then be removed by sedimentation. The 
particles themselves adsorb various gaseoits poliutaiitu on 
their surfaceisi this process involves complex chemictti and 
physical processes. Cloud dropi\et5i can absorb Raseous 
pollutants which go into solution, forminf? vt^^i-k ^iclr.iv. 



Thus cloud droplets may be part of a series of chemical 
reactions which convert gases into aerosols* 

^ ABLE 3 

SEUECTED EQUATIOMS FOR THE 
CONVERSION OF A GAS INTO AN AEROSOL 
(l) M + 0 + SO^ — > M + 'S0^ + H^O ™) 
{2) H^O + 2N0^ ~> HNO^ + HNO^ 
(3) H^O + CO^ ^4 HgCO^ 

The stratosphere may be cleansed by the vertical 
transport of air associated with a frontal system or 
ii7tense thunderstozia activity • The tropopause, which is 
the boundary layer between the troposphere and the strato* 
sphere, vas originally thought to prevent aiiy exchange of 
air between the- two lower regions of the atmosphere* As 
more atmospheric data was gathered and analysed, It was 
found that breaks i associated with frontal activity, 
occurred in the tropopause, and therefore it is possible 
for exchanges to occur in the frontal region between the 

Radioactive material in the stratosphere may readily 
descend upon the earth's surface in dangerous amounts and 
concentr£Lte in localized areas* The most recent Investigation 
of cumulonimbus 1 or i^hunderstorm, clouds indicates that 
they may extend well into the stratosphere. Within those 
clouds, violent up and down drafts occuri which cau transport 
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the radioactive material to the earth. Scientists are 
searching for correlations between thunderstorm activity 
and increased thyroid abnormalities, which may result 
from Iodine-l3l radiation. Laboratory tests have been 
performed on children living in the Utah-Nevada area. 
Photochemical processes 

a. Another series of chemical reactions which may occur in 
the ^atmosphere arc the photochemical processes. The term 
phot ochemi ceil is used since incoming light energy, 
primarily in the ultraviolet region, drives the chemiv^aJ 
reaction. 

Without a certain minimum intensity of radiation, the 
reactions are impossible. Moreover, since new products 
are formed by these reactions, there is no definitive 
list of pollutants found in any area. A prime example of 
this is a suggested list of seventeen reactions which 
produce peroxyacyl nitrate (PAK). The production of FAN, 
which is one of the major pollutants of the photochemical 
smog prevailing in Los Angeles is a serious problem, since 
the moleciile is a severe irritant. 

At the other end of the scale exists a series of 
beneficieil chemical reactions which protect humans from 
the harmful effects of certain wavelengths of xiltraviolet 
radiation. They produce esthetically pleasing "blue hazes," 
typical of the Virginia Blue Ridge Mountains, by converting 
terpenes into aerosols. 

Thi* e(iui libriuni r#*actiuai5 aenti^nwNi in cormf?ctiun 
wit^j the stratosph'^rc ^^r^? Jii own in TabI: U.^ b'?A':v. 
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TABLE h 

SELECTED PHOTOCHEMICAL REACTIONS 

0^ + 0 + M ^ 0^ + M 
Less than 11,000A O3 4 hf ^ 0^ + 0 

Less than 2,1*23A ^ 0^ 4 hf ^ 20 

M + 0^ + 0 ^ 20^ + M 

In this series of reactions, the rates of production of 
ozone, diatomic oxygen, and monatomic oxygen are such 
that an equilibrium exists among th^^ three- Without 
the photochemical production of ozone> the atsorption of 
harmful ultraviolet radiation might not occur. Of course, 
ozone found at the earth's surface is responsible for 
the corrosion of metals, the production of nitrogen 
dioxide, and the deterioration of rubber and leather 
goods. 
Electrical phenomena 

a. The greatest danger of pollution in nature is from thunder- 
storms with their attendant lightening discharge between 
the earth's surface and the atmosphere. The heating effect 
of the stroke may produce fairly high concentrations of 
ozone. Usually this is not a serious problem because the 
intense vertical motion assc>ciated with the storm diJutes 
the concentration of ozone rapidly. A greater source of 
danger is the production of forest fires during a dry 
spell. The resulting smoke, or particulates, may be traced 
as a hase layer across the entire continental United States 
when a severe fire persists for a long period of timot 
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Polluted air is a poor conductor of electricity^ since 
gases may capture charged particles and can therefore 
affect earths atmosphere charge distribution. This may 
be no cause for concern; however* there is a possibility 
that precipitation may be influenced and even initiated 
in some way "by electricetl charge distribution in the 
atmosphere. A severe local pollution problem may affect 
precipitation patterns in certain localities* 

An interesting effect of electricity is that of an 
extremely high concentration of negatively charged particles 
on one' s .health. The number of particles involved is in 
excess of any number foxmd in the atmosphere; yet* for 
the treatment of certain disorders* there have been positive 
results when patients have undergone charged particle 
treatments 

E. Local topographic effects 

1. Industrialization in valleys, particularly near bodies of 
water* leads to pollution problems* since cold drainage winds establish 
inversions during the night. This is known as the "valley effect" (see 
figure 7). In ^h^r evening the hillside cools more rapidly than the 
valley for two reasons: 

a. The ventilation in a veilley is less turbulent than that 
of the siarrounding mountainside* and the valley tends to 
retain its heat . 

r 

b. The mountainside, being higher than the hillside and 
continually radiating energy In the Infrared, loses 
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energy more rapidly. The cooler drainage vlnds , because 
of their density* flow down the sides of the valley and 
fill the bottom of the vetlley with very cold air in the 
early morning. The vedley now has warmer air aloft and 
colder air at, and Just above* Its bottom; therefore, 
an inversion exists. In the morning* as insolation is 
absorbed on the mountainside, a circulation is set up* 
which moves the pollutants trapped by the inversion up 
the mountainside, i)ut because of the Inversion lid, the 
pollutants are returned to the vetlley floor. 

If an inversion occurs and fog exists in the 
valley, the concentration of pollutants can become 
quite severe before the fog is evaporated and 
the Inversion disrupted* Spectacular photographs exist 
of a polluted fog pouring through a mountain gap as If 
over a waterfall. 

2. The effect of hills or ridges on pollution depends upon the 
location of the source of pollution and on atmospheric stability. Under 
very stable conditions, air flows around a hill or ridge; when instability 
exists in the atmosphere^, the air flows over a hill, mountain, or ridge. 
A source of pollution xqwlnd from the orographic feature will strike the 
hill or ridge under unstable atmospheric conditions. Homes or structures 
on the hillside will receive the full brunt of the pollutants* while 
these same structures would not be affected by stable conditions. 

When pollution sources are located on the lee side of the 
mountain, the descending air tend& to move away from the mountain in a 
vertical wave pattern* termed roll clouds, in this Instance, the 
^ pollutant cai) be brought down to the earth's surface at quite a distance 
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from the source. There will also be turbulence in the lee of the source 
of pollution; such turbulence will bring large concentrations down to 
the surface within a fairly short distan^le of the source. Clitnatological 
studies of an area are necessary before loceil planning and zoning can be 
established, especially for large^ persistent sources of pollutants. 

3* Shoreline winds which are quite strong^ may be modified by 
the land mass to produce a ditimeil inversion or localized pollution 
downwind. The '*sea-breeze" or '*lake breeze" effect may extend from two 
to five miles inland on any given day. The inland penetration depends 
upon local terrain « larg^ pressure systems mas king the breeze effect, 
and the temperature difference between the land and water masses. 

I'he flow of cool, moist onshore akr, which is associated with 
the Hea or lake breeze, is a welcome relief during a hot summer's day. 
ilovever, the ten^erature structure of the air moving onshore is very 
important (see Figure 0). Cool air at the surf ace of the water and warm 
air ajoft create an inversion whjch moves onshore. If a pow<*r ^enf^rution 
plant, a fertilizer plant, or any other pollution source is located on- 
shore , the emissions from the source are trapped under the inversion. 
This process is depicted at the bottom of Figure 0. As the breeze moves 
inland, its lower layers are heated; a strong lapse rate is produced in 
the lower layers of the breeze by the temperature modification of the 
air in contact with the st^face of the earth. The strong lapse rate 
produces vertical up and down drafts that cause a plume to loop; there- 
fore, the pollution is brought down to thl surface of the earth at 
considerable distances from its source. 

U. A large body of water and att^dant concentration of 
industry may modify the climate of a locality downwind. In considering 
the above statement, one assumes that the industry center does not 
control its emissions^ and that lr.rge masries of cunuensetlon,^ cr i ■. 
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nuclei, are injected into the atmosphere. As these nuclei are 
carried along over a large body of water downwind, a great amount of 
moisture is added to the atmosphere. Any orographic effect or thermal 
effect from another city at the opposite edge of the bo^iy of water wiil 
produce vertical motion. These mechanisras usually ail or produce what 
is known as the "lake effect** weather, fo\md on the eastern aides of 
the Great Lakes. It is possible that the combination yi" the industry/ 
near Gary, Indiana, together with moisture from Lake Michigan prorluce 
abnormally large amounts of precipitation downwind.; for example » in La 
Porte, Indiana. 

F. The effects of cities 

The climatological cosqparison of an urban area with a rural 
area is summarized in Table ^. 

Climatic Changes in an Urban Community 

Climatic factor % difference ^ urban 

cloudiness 5-10 + 

winter fog 100 + 

" summer fog 30 + 

precipitation ^^10 + 

solar radiation, 30 - 

ground level 

TABLE 5 

Most of the effects summarized in Table 5 can be attributed to 
the Heat Island Effect (see Figure 9). The urban area, being 
ijlower Lo cool than the surrounding ruraJ. area, Is a warm source 
aurrountleU by a cooler region- This creates a Jilowj riaing motion 
i^V Lhf Jfiir . v r Uu- city, ft riiiinp air ma^;;^ wrii -;* I'oolii and <N-f;<;endii 
near the <:i^jit^ j of Llie urbai* area- It is i hi . . >i . j^*ir 1' 
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instead of cool, clear, rural air, that is brought into the urban 
area (see Table b). This return of polluted air is one part of the 
reason lor likening a modem city to a volceuio in a desert which 
continuously belches forth noxious effluents into desolatfv streets - 

liven though the precipitation is greater over a city than over a 
ruretl area, the city has both lower relative and absolute humidity 
than the surrounding air. This phenomenon is the result of two factors. 
One is the greater runoff of precipitation from the paved surfaces of the 
urban area. Secondly, humidity is temperature-dependent. The elevatea 
temperatures resulting from radiant heat loss to the ambient air from 
urban activities reduces the relative humidity and the absolute moisture 
content of the urban air. 

Urban increas ed cloudiness has many important ramifications. The 
increased cloud cover, along with the great numbers of small particulates, 
decreases the ultraviolet radiation received at the surfEw:e of the city. 
This increases the possibility of bacterial or virus infections, since 
ultraviolet light destroys these orgeuiisms. ConveriseJy, it does dtJcTcsasc 
the potential for the formation of photochemical smog. Moreover, clouds 
interfere with the development of convective processes which could rid 
the \u*ban area of pollutants. Firstly, clouds lead to a faster increase 
in particle size and to attendant sedimentation; a decrease in particu- 
lates is expected with increased cloudiness. Secondly, the decrease in 
particulates increases concentrations of gases, since there is a decrease 
in the surface area of adsorbent material. ' 

One\ of the major problems with which a city must concern itself is 
planning for grcjwth and industrial 2oning, Within or at the edges 
every major city will be foi^d the stacks used for disjposing of wastes 
and KttSos Hsflociated with industry. When certain atmospheric oonditions 
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TABLE 6 

AVERAGE DUST CONCENTRATIONS 
FOE UNITED STATES COMMUNITIES 

Coimnunity Dust load g/m 

rural i40 

suburban ' 70 

city less than 0,7 million 110 
people 

city 0.7 - 1-0 million people 130 

city larger than 1 million 200 
people 

prevail, the height and location of the stack may help with the 
aispersing ot pollutants (see Figure lO) . 

The superadiabatic conditions shown at the^ top of Figure 10 occur 
only vrith light winds and strong solar heating. The pollutants will 
reach the surface at points separated from each other and at quite a 
distance from their source. Cloudiness or high winds will prevent 
such a situation from occurring. ■ 

When a stack extends above a surface inversion and into a super- 
adiabatic region, gases cannot reach the surface; however, particles 
with appreciable settling velocities will drop through the inversion - 
-The effluent of a stack located in an upper air inversion is trapped 
and spreads horizontetlly. As solar heating of the earth's surface 
increases, during clear skies and light winds, conditions typical of 
a summer day, the lower layers of air become superadiabatic. This 
super adiabatic lapse rate occurs through an increasingly deeper loyer 
until the inversion is , reached. The thermal turbxilence associated 
with the superadiabatic conditions in thje lower layers of the atmos- 
phere carries high concentrations of pollutants to the surfac** along 
g[^(^tie entire length of the plume. 
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Trapping is produced vhen a stack is belov a frontal or sub- 
sidence inversion. Nearly all of the pollutants ar^^ held bf.low the 
Inversion and can produce severe conditions some distance from the i>Qurce. 

G, Interacting atmospheric subsystems 

Although our spaceship t:arth constantly receives energy from 
outside sources, we have no similar extraterrestrial source of 
carbon, oxygen, nitrogen, potassium, and sxilfur, and other essentials 
for life. These substances must continually be recycled throughout the 
ecosystem if we and the system are to persist. The present ecological 
balance can easily be displaced by upsetting one or more of the inter- 
connecting links, resxilting in a new unknown balance, possibly toxic 
to man. 

Probably tne most useful concepts for the student to have in mind 
in attempting to grasp the significance of cycles in the moderation of 
air pollution, is that all of the compounds which we classify as 
pollutants are produced in natural processes. He shoxild also be aware 
that, in undisturbed conditions, an eq^uilibrium is established between 
the production of the specific end product of a process, such as respira- 
tion, and the environment into which it is introduced. In other woras, 
some part of the environment, at eq^uilibrium, acts as a receptor for 
the end product of the reaction. This receptor is commonly termed a 
sink. If such sinks exist for the small amounts of materials in a 
"natural" reaction, they should also function in the removal of large, 
polluting amounts of the same materials. Identification of the equilib- 
rium reactions and the involved sinks can be instructive in understanding 
the natural cleansing processes, lind why these seem to nave oroken aown 
in some instances. 

1. The carbon cycle 

he carbon cycle is bn exeel„u?nv, si artin^j po I nt t'vr i-xfun^sir.K 
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natural equilibria afid the unbeilancing forces which taan has inVroduced 
by his societal activities ($ee figure 11 on page 35)* The point of 
production of carbon monoxide provides a good entry point into the 
cycle (point A in the diagram). Carbon monoxide (Co) is the product 
of burning carbon-^containing fuels (e*g* coal gasolines , natural 
gas) in a limited supply of ojtygen. An excess of 72 million tonaf of 
carbon monoxide is put into the air as a result of these incomplete 
combustion processes, approximately o6 million tons of which are 
produced by the internal combustion engine* Concentrations of these 
gases vary from 1 to 2 parts per million, to kOO parts per million 
on city streets during peak rush hours* A recent study made on the 
F.D.R. Drive in New York City showed a variation from a low of 8 
p<p.m. at i*:00 A.M., to a high of 86 p.p.m- at 8:00 A.M. Compila- 
tion of CO levels over a period of years show no accumulation 
commensurate with these rates of production. 

The question is, then, where is the sink and by what mechanism 
is the carbon monoxide exhausted? Carbon monoxide is relatively low 
in reactivity under the conditions of the lower atmosphere. Consequently, 
oxidation to carbon dioxide does not occur to the extent necessary to 
remove significant quantities of CO. Other mechanisms have been proposed, 
including the conversion of CO to hydrocarbons by bacterial action. 
Although no conclusive evidence exists, one process which occurs in the 
stratosphere seems to be most likely: 

2C0 + 20H ->-2C02 + 2H (Equation i) 

This reaction will occur at the energy levels available and will 
account for the conversion of carbon monoxide to carbon dioxide. 

Other sources of carbon dioxide include the burning of fossil 
fueJjS, respiration of living or^ranisins, and bacterial decomposition of 
OTjani rfi ldues. Carbon diox" ue, r^v. ^"^^ ^ ■ ' i^s ytr^r-ce h/is u 
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residence tijne in the atmosphere of approximately ten yfears. Some of 
this is removed by green plants in the process of photosynthesis. At 
320 parts I .r million it is typically tho limiting factor in the 
photosynthetic process. Considerable quantities, especietlly those 
produced by respiration in root systems* are dissolTed in soil water. 
This portion creates an acid condition (Equation 2) necessary for the 
solubility of minerals requisite to proper plant nutrition. 

+ HgO > H"^ + HCOg^ Equation 2 

Eventually, much of this carbon dioxide becomes part of insoluble 
deposits of calcium carbonates. The same process occurs in the. formation 
of the shell or bone structures of aiiimals. 

Probably the major sink for carbon dioxide is sea water, which 
contains sixty times the concentration of carbon dioxide found in the 
air. However, the problem rests in the slow rate of equilibrium cheuige. 
The seas will continue to absorb some 100 billion tons of carbon dioxide 
per year, increasing only graduetlly with the increase in atmospheric 
concentiration. Consequently, it is reasonable to expect a continuation 
of the trend which has increased atmospheric carbon from 312 parts per 
million during the decade 196O throxxgh 1969* 
2. The nitrogen cycle 

Again, we can establish that those oxides of nitrogen, i.e. 
NjO, NO, NO^, which are produced by the high teii5)erature oxidation of 

nitrogen (Equation 3) do occur under high energy conditions in nature. 

„ . ^ high energy v ^ ^ 

+ O2 " " > 2N0 Equation 3 

Atmospheric nitrogen is commonly fixed in a reaction with atmospheric 
^')Xygen in the presence of energy from lightening discharges. Approximate- 
ly million tons are fixed this way each year. The nitric oxide (NO) 
formed in this way oxidizes rapidly to nitrogen dioxide, or NO^ , a 
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poisonous, yellow-brovn gas. This gas reacts with airborne aikalir. 

2N0 + 0^ ^ 2NO2 BJquation 3a 

and is deposited as nitrate salts. Man has upset this equilibrium 
by the introduction of the internal combustion engine. At the high 
pressures and temperatures present in the combustion chamber » nitric 
oxides are formed at a rate of about 13 million tons per year. 
Particularly under inversion conditions, which restrict the distribution 
of effluents^ nitric oxides tend to accumulate in hazardous quantities. 

Nitrates formed from oxidizing atmospheric nitrogen are 
deposited in the soil, where they may move in one of three directions. 
That quantity which is absorbed by plant roots becomes incorporate*! 
into plant proteins and into the proteins of the animals which consume 
these plants (figure 12). Organic wastes decay in a series of stepr, 

from which different soil bacteria derive energy. Ultimately nitratos 

Bacillus psoudomonas 
Organic nitrogen » NFl-j 

Nitrosomonas- bacteria (U) 
NH-j ■> NOg ^ ' 

Hitrobacters ^ „^ 

^ 2 ^ ^^3 

are formed. These may recycle^ or» as may happen with any soil nitrates. 



1/ ^ . 



they may be denitrified by bacterial action to molecular nitrogen^ N/^ 
This molecular nitrogen will return to the atmosphere. As a third 
etltemative, the highly soluble nitrate may leach out of the soil into 
bodies of water where it may contribute to the water pollution problem. 

The natural nitrogen cycle has been further unbalanced by 
industrieil fixations of nitrogen^ which^ at 90 million tons, constitutes 
over 1/3 of the total nitrogen fixed by all processes. 
3. The Sulfur Cycle 

Most sulfur in the air is the product of decay of organic matter . 
(see Figure 13). This decjay^ ^mder anaerobic conditions, produces 
approxi nifitely 66 million tons oV sulfur the form of hydrogen suJfide. 
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Burning of fossil fuels will produce, as a by-product, ^6 million tons 
of sulfur dioxide, SO^- The hydrogen sulfide from biological decay will 
also oxidize in the atmosphere, producing water anc^. sulfur dioxide. 

Zh^ii * — -■> 2H20.+ 220^ (5) 

Normal residence time in the air for these oxides of sulfur is 
from five days to three weeks. This comparatively short . duration of 
sulfur oxides implies a mechanism for their removetl. Most typically^ 
the mechanism is a photochemical process using ultraviolet light from 
the sun as a source of energy, and producing sulfur trioxides as ti 
product (Equation 6) 

sog + 0 -Ji92i.L'L> SO3 (6) 

Sulfur trioxide reacts readily with water to form sulfuric acirf which 
can then be removed in the fonn of precipitation. This reaction 
(Equation 7) requires the presence of a particle, M, as a reaction 
site, and produces a fine mist, or aerosol, of sulfuric acid. 

SO3 + HpO + M > HjSOi^ (aerosol) (7) 

Alternatively, sulfur dioxide will oxidize, in an atmosphere containing 

ammonia, producing SO^* The ammonia will react with the resultant 
suli\iric acid to form ammonium sulfate, whicli will in lurn precipitaLe. 

2NH3 + H^so^ y (m\^)^SO^ {(i) 

A major problem inherent in overloading the sulfur cyclo with 
oxides of sulfur is the tendency of sulfuric acid and its ac^^^i^salts to 
accumulate in excess in the natural sinks (i.e*, lakes, stijeoms , and 
oceans). Rain water in the pH range of h^O - has been recorded 
downwind of industrial areas. Some European lakes have shown dropti 
from pH 7-3 to 6.0. If this trend were to continue to the 5.0 - 6.U rai^gcr, 
many species, such as saltnon, cor^ld not survive. 
*u The Water Cycle 
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of 1-5 billion cubic kilometers- (A cubic kilometer is approximaieJy 0.2h 
cotic miles). Of this total, 97^ is estimated to be in the form of ocean 
water- About 2*2% of this is in the solid state* primarily in tht^ ice 
caps, and the balance is distributed among fresh water bodies. Ground 
water, biologically fixed water, and water vapor. Water moleculfen or 
sufficient energ^^'' content continuously escape from the surface of nit.her - 
the liquid or the solid phase, creating a gaseous phase. Water in the 
gaseous phase in the ambient air is of immediate concern in a study 
air pollution. Tht- concentration of this water vapor in the air varies 
from 1 to 3% (10,000 to 30,000 parts per million) depending upon temper- 
ature and the availability of evaporation sources. 

Several pathwzays are available to water vapor- As has been 
previously indicated, it may condense on particle.* in the air formim^ 
droplets large ehough to precipitate- In the process, many air partJcles 
are washed out of the atmosphere. Often, in cases of severe poriution, 
clouds of water droplets with itiipacted, or enclosed pollutant particles, 
remain suspended in a sustained overcast, or smog- 

That portion of the water which precipitates on land, alonf^ 
with its suspended particulates, may become part of the ground wator- 
Part of this water is ra"ther permanently attached to soil particles as 
'*hound water,*' while some moves through the soil until it reaches the 
water table, or the level of free uatcr in the soil- This underground 
reserve of water may move gradually through underground routes back to 
streams, lakes, and oceans- Much of the x/ater risec b/ capillary 
miction, or diffusion through small channels in the aoil , until it 
evaporates from the surface of the soil or enters plant roots. Of lhat 
portion which enlers the plant, only ahout 3.5 pfirtc par 1000 by v/oi/^ht 
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liecome incorporated In the tissues of the plant. 'Phis biologically 
bound water, Jjowever* constitutes B5-905E of the mass of living cell:; 
and it is held until the plant or animal dies aiid decays, or i'j. 
converted to consumer product. The balance of the water entering; 
thcf plaiit is lost by evaporation into the atmospJjere, The bulk ciT 
this loss is by evaporation through special openings, terrae^l stomat^i, in 
the leaves of higher plants. This process is termed transpiration, 
i^espiration of both plants and animals a as well as the canbustlun of 
fuels of organic origin, return water vapor to the air. 

Some water vapor reaches the stratosphere where a special 
reaction occurs with the ozone present at that level (see equation 9)^ 
This is limited under normal conditions, by the quantity of water 
vapor at this level. 

Equation 9 
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Large quantities of water vapor could conceivably reduce the ultraviolet 
absorbing ozone layer. 
5 ^ Oxygen Cycles 

Oxygen, by etll indications that we now have, was not a cuip.ponent 
of the initial atmosphere of the earth* Free oxygen was first generated 
by ^photosynthetic , one-celled organisms over 2 billion years afto. 
Originally these organisms obtained energy from reducing oxygeti-contnain- 
ing compo'oiLds , such as sulfate, and eventually they acquired the capabil- 
ity of releasiiig energy by th^ splitting of oxygen from water* The 



excess of oxygen diffused into the atmosphere, increasing gradually 
to the 20,98^ level currently existing. 

Atmospheric oxygen participates in several cycles- At the 
tropopause, it enters into the formation of ozone, in the presence of 
ultraviolet radiation (see Figure l5). The pool of 0^ is also fed from 
the ozone^water reaction previously mentioned. 

In the process of photosynthesis, both by aquatic plants 
(plankton, etc, ) and terrestrial plants, oxygen is produced in tho 
light phaiics by the dissociation of hydrogen and oxyf^f^n. The anjouni, oV 
oxygen thus prcdaced is estimated by Brocher aiid others to be 256 /^rarnG 

H^o ^-:^i5ifeli^UEbi-^ [o] + 

per square meter of tne earth's surface. This amount corresponds netirLy 
exact.ly to the oitiounts used by plants and animals in the process of 
respiration- The time required for the toteil cycle, from moLeciilaJr 
oxygen through the biosphern back to molecular oxygen, ic eiitimaied i-u 
be approximately 2,000 years • 

Some concern exists over the effect. of burning fossil fnejy 
iijnd dumping vacterf; of high biological oxygen demand on the oxygc^n 
bupply- Such activities produce local defici encl(?s - in eutrophled ^it^rtMuns 
and confined areas, such as city streets; however, there is lio evideju;tr 
to indicate that the current supply of oxygen can be seriously deplc^ted- 
by these activities, 

II, Societal Aspects of Air Pollution 
A. Irit ra<luciJ<>r) 

Ttie control of air pollution, and the larger envJronmeiil,;d 
degradation problem of which it is a part, is a i;ocial problem:' a 
problc^m tlit^t is intertwined with the vaJues and tho worbJ viewn that. 



-he- 



make up our culture. To deny this, to reAise to examine our culture, 
our ethics, our social environment, all of whicli have unwittingly cre;ited 
the problem, is to perpetuate the thought processes which have brought 
us here- To assume that ^'science will find a way" is to take a Tataily 
narrow view of the problem. Science itself has relinquished to the 
social scientists the "subset"'of problems (population, nuclear warfare, 
environmental pollution, etc. ) which confronts motiern man. 

Environmental deterioration is the result of a complex interar;tibn 
among mult iple^ social , individual, and technological factors wh.i cli hav<-* 
created our urban industrialized society- A society's values are shapea 
by. its conception of the, universe in which it. lives. An anthropocentric 
view of the world, which separates . man from the rest of nature, allows 
him to "torture nature's secrets from her/\ We have a linear vrew of 
time, in which, there is a belief in an historical progress from h primi-;. 
live state, upward, accomplished by. fighiting a resisting universe. Tnis 
has spawned a feeling that technology and industrialization are the 
panaceas for all of mankind's ills. /Phis cultural heritage has produced , 
a phenomenally, high standard of living in material terms leaving man ."rich 
in means," but impoverished in . terms of ''ends . " . . . 

In order to view the situation as a.whole . it Is necessary' to examine 
some basic concepts about' our social as well as our physical envoronmcht . 
B. Historical Perspectives - . , 

Man*s most successful economic system is a complex raarKet^ 
/system, characterized by a vast exchanf;e of goods and services between ' . 
buyers ^and sellers, known as free entfjrprise. Other economic syjitem5^ 
exist, but none. provide so remarkably well, for . man * s wants and. net^di-i - 

It is only fair to point out that, aside from' the American 
:.iyst't?m, the' tiocialiijt system. has also .U/tl to envi ronmcntiil fjct^/ri wrai. i oIj - 



Global energy use rose from 3~l/h% annually, during the years i860 
through I95Q, to a record l9% for the period l96l to 19t^h, Tho rate 
of industrialization of underdeveloped regions and world-wide 
population rise, shculd produce a higher increase In future year:;. 
Enercy production rose by the same figures during the period 196l^l96i*. 
The increase in high >energy economies in the United States, U.S.l:>.P., 
and Europe, resulted In the rise in energy consumption (see Figure If'j}* 

Free enterprise is the result of a long period of development baned 
on man's practice of conducting trade for the material items that he did 
not or could not provide for himself, but which vere available from other 
parts of the earth, lividence exists that such trade has been carried on _ 
since at least the last Glacial Age. Even at that time tl^ere were 
traveling salesmen engaging in basic economic activities. 

Concc-pts of economics developed because men's wants exceeded the^ 
gifts of natuj*e, and their "appetites" led to a /general condition of . 
scarcity. "Phis, stated simply, is the idea that each man desires t^iomotlii n^^^ 
which he does not have, or cannot obtain, because of its low availability; ^ 
the concept of worth applies here, since anything in scarce supply acquirer 
a certain value. The condition of scarcity is satisfied when yomeurio, 
somewhere, has an excess of what other men wtint, or he is able *-o i>roauc<.-: 
it. It ir> then "sold" to the maji in need for the (-lighcst "price" otT^j-reci 
for Its use or ownership. 

Scarcity presented society with two problems: it had to providoi for 
the production of enough of the right goods, and it had to manage theiir 
distribution^ Until the end of the Middle Ageis , provision for tht: production 
of goods and dettrrmj nation of the ultimate consumer was relatively ur^com- 
plir:ated. Tliose who had authority, or power, mereJy commandc*! or comjni:.- 
sioncd produt!tion, either for their own eonMumfj^ i^n , oi* for whatrvt-r i^ndt: 
they fh-' ''\ esirable, by whatever methuih; ^- jturTnr^I.y ■ J 
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thelr reigns or tenures. 

Pover derived from energy coaversion is nov the iLty to the Industrial 
expansion of highly poT;)Ulated , less developed, regions. This Is not a 
stop-gap need for fooci, l^ut a need for transport itl on, cDnmunlcatlona , 
dlstrll3utlon, Industrlaxis^tlon and education.^ (Figure 17 shws that the 
use of muscle and dung as sources of power are useless to the rapid 
industrialization of a nation.) Our timber resources are so depleted and 
so necessary in other crucial areas that they can no longer be alloved 
to be used as fuel. Throughout the entire world, coal has been replaced 
by oil and natural gas as the major source of pover. Oil and natural gas 
will continue to rise in absolute terms as total world energy demands 
continue to expand. Coal will be used only if it becomes economically 
"^feasible to top the less productive supplies available- Nuclear energy is 
the only nev source that is currently e3cpected to make a significant 
contribution to solving energy needs during the latter quarter of the 
20th century. The fast breeder reactor may be available late in the 20^^ 
century. This reactor will eventually produce more fuel than it consumes* 

At the onset of the Middle Ages, wars, famine* and disease shattered 
the fabric of European societies and these societies withdrew into self- 
sufficient units in order to survive. 

The subsequent gradual emergence of societies from the Middle Ages 
coincided with a gradual change from the. Independent, fragmented, self^ 
sufficient, feudal system to one dominated by nev attitudes. Money making 
became an aspect of business activity. Money became necessary for labor 
goods and land. Demand 3nd supply became factors in the production of 
goods and services. This change in attitudes continued until the consumer, 
not the people with authority or power, exercised economic control. Money 
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became the principal medium of exchange, and the profit motive - the 
maximatipn of income and the minimization of expenses became establisshed 
as a legitimate incentive for businesss, 

Pollution of the earth's atmosphere was not a significant threat to 
man's health and well-being, during this, lone period of change, because 
agriculture and cona^erce were stilj. the principal ba,sis of economic 
activity and the population was small*/ However, this period of transition 
led directly to ifie Industrial' Revolution , uhich began in England as a . 
^result of favorable attitudes toward \,cpiBmerce-, scientific discovery , and 
technological innovation* The Industrial' Revolution caused -social upheavals 
and important changes in society* It brought about the creation of fac- 
tory and industrietl sIuiqs , increase in urbanization, increase \n the degree 
of individual interdependence, awareness of economic growth, iand the ^ 
bef^innings of the present atmospheric pollution situation- 

Society's application of science and technology to the ^prpduction of 
goods and services .( first to textile^ machinery , then to raining , agriculture , 
power production , transportation , ■ elect ronics , :Gpace .explorations , 
initiated a steady increase in industrieil output- This led to the eiimination 
of much poverty wittiih . industrial societies, and the eventueil rise in the 
standard of living has continued to the present time - a standard h(?retoforei 
.unknown to nioxi* An air pollution situation heretofore unknown to man, has 
also arisen as a result of industrialiJiation* " 

One can see that , life expect£in,cy of industrial man far exceed?? that 
of primitive tribal man {Figure l8)» ^Primitive man priiuarlly slept or . 
worked. An agricultural man found some time that could be clevotc*d lo, 
cre.abive and leisure activity , but little need for formal education* . - - 
^['br (^roat, inor^a:^: In.-the formal aiiu6a:*ior! of . indujst ruj,l mun pttV'-^L t li'^ 
wa,y for it Lr:menUouG cunount of crentlve and i.oinur*.^ tVme- 

Vlith t,h^?/. technological revolution one. finds a coiumer..i.ur': ^v . ; x.ir ; " 
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LABOR FORCE DEPLOYMENT IN AN ADVANCING ECONOMY 
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WORLD MATERIAL CONSUMPTION 




A Metais; iron, aluminum^ copper and zinc, 

o Synthetics; plastics, nnan-nnade fibers and 

syntlietic rubbers, 

X Natural products; natural fibers and rubber. 
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Figure 20 



in the agricultural labor force needed to sustain the population (Figure 
19) • The need for raw materietls remains about constant, tvt the emphasis 
is shifted. Figure 20 points this out dramatically; either natural products 
are not sufficient or they cannot be obtained. Greater dependence is placed 
on synthetic products or metals - especially the rare, exotic metals. 
Furthermore » 35>* of the technological labor force is needed to provide; 
services with a less rapid increase in the force needed in commerce 1 
transportation, and construction. The latter three items produce their 
own share of modern man's problems, especiallj^ in citiesi. 

The present air pollution situation has been developing for approximate- 
ly two hundred years. It has caused, principally, by the growth oriented 
production of the goods and services which have contributed to the relative- 
ly high standard of living currently enjoyed in this and other industrialized 
countries of the world. 

Perhaps the greateiit impact of industrieil technology was the internal 
combustion engine and its application to transportation. Consumers' 
demand for this invention, and the production of autoanobiles and other motor 
vehicJ.es resxilted in a redistribution of the work force, the subsequent 
rise of xmlonism, the economics of large-scale production^ and the eventual 
conception of industrial and commercial monoplies. 

Use of motor vehicles res^ulted in great changes in the living habits 
of society and the viability of traditional urban centers. Supplying the^ 
demand for motor vehicles has created employment and income for a large 
sector of industrial societies. However, the greatest single source of 
atmospheric pollution has been the^ operation of these same motor vehicles 
with their fossll-fuel burning Internal combustion prop\0.i*ion units. 
C. Society is a System of Relations Among Tndlvidiia]^ 

We find ourselves in a society in which ther^^ are many '^ysl^mu 



^interacting rather than existing in isolation. The tunnel vision of 
each system' must \)e replaced by. dimensioniaj vision » which appreciates 
this relationship. 

Our society is characterized by . interdependence instead of the 
nurtured inyth of independence. .In any system composed of two or more 
units » relationships are such, that changes in one unit affect others. The 
larger and the more complex the system^ tlie more difficxilt it is to 
. predict .the' effect of change in. a specific unit upon all other units. 

Do we have ' liberty or freedom? In the Platonic definition » liherty . 
^ is the removal of restraint; i.e.» doing what is good for me! This is 
' the theme of the pioneer^ the hippie/ and the- corporate businessman.- The 
pioneer polluted" and then moved on to new territory; the hippie.-vanted to " 
be" frj&e to 'Mo his thing/' irrespective of the impact on the entire 
social group. ObviousJ.y» ",whatever is good for General Motors'' or 
General Electric must be good for y^'^- . ■ 

, ' It is to he notetj that socialistic man pollutes as blindly, as the 
most greedy entrepreneur.. Corporations have gone to great lengths to 
develop' individual consumer-preference through advertisement. This is > 
most easily recognized^ vhei^eas collective preference (i<e,< that for 
clean air) ^ is not as easy to see. Secondly"^ in the past^ all 
environmental pollution has been externalized by the polluter. This 
^ ^mtjans that the costs are not borne by the producer of the product;, for 
^ example': a chichen farm started next to a health resort.. However^ all- 
public goods* IxKe land; water* -and air* are 'feollectively consumed*, and; 
the environment rc^qiiirea colIecVivje solutions. 

Tti the Arii:totnliari <3ef init.i on * freeiiom is the abiilty to mfi};i.' a 
i iiUJ ,or xl <:hoiut.' r\jr tlu- |^o(^tl o T ti'itj ji/j^oui*. IT tin; tvtiv i ronniLTi t is 




made un'j riUal)itablc J oJie does not hove frt*edom; thure is no tho" .le or 
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decision to be made. The important idea to grasp is that only-through 
a group effort can we achieve success in cleaning up our environment. 
This is Mhleved at the expense of the individual's liberty. 

In the case of an individual vs. an environmentetl polluter, 
"standiug in court" must be demonstrated by the plaintiff. This means 
that a person in New Vork cannot sue an oil company in the Gulf of 
Mexico for damages to the environment. There are also very fev ways to 
establish esthetic damage to property. Should such a case Come to trial, 
a verdict against the plaintiff would set precedent for fiiture cases* 
A case in point is that of iBoomer. et. etl. vs. Atlantic Cement Company 
(case No. 55^1 2nd 1023). Boomer sued for damages to his property and 
an injunction to stop the conqpany from polluting. He won daoiages, however, 
after receipt of damages he lost standing in court in regard to further 
damages from the same source. This is tantamount to givi,ng companies 
the right of eminent domain « formerly only the right of goverjiment. 

In 1968^ Garrett Hardin published an article entitled^ "The Tragedy 
of the Commons." The commons is a fundamental societl institvitiorr which 
recognizes that there are certain environmentetl entities which have never 
been and should never be appropriated to any individijial or group of 
individuals. The commons was just that in England, an area of land set 
aside for public usage- The tragedy was the overgra2ing which resulted 
from individuals adding "one more cow" to the herd. The profit to the 
individual was large, and the deterioration to the Commons minimal i until 
the same conclusion was reached by every herdsman. 

In' a populous society, we must regulate the use of the commons for 
the generetl welfare. The real danger lies not in the laws but in their 
administration. There is enough documentation to build a model for what 
will occur in a society: 

a. A general outcry produces a regulatory agency. 



b. Political quietness develops among the majority » which 
has a general, but unorganized interest in the 
commons. 

c^ The interested groups bring pressure to bear through 
any political processes which would tend to convert 
the agency. These groups protect the commons from 
incursions and further their interests. 

d. The staff of the agnecy is finetlly drawn from the ranks 
of the regulated. 
D. Society has Seldom Foreseen or Questioned the Long-Range 

Consequences of its Action. 

Cultural conditioning has produced pat;tems of thought which 
value the short-terra over the long-term. Long-term effects have gone 
unquestioned in favor of the immediate or short-term benefits. There 
is a need to examine certain culturetlly -produced axioms by which our 
society has i'unctioned --"economic growth is the measure of all good;*' 
*'etemeLl progress? is possible in on infinite world;*' "what planning 
there is should maximize production and resource exploitation.*' We 
neem to have placed more importajice on the fact that men live in the 
short-term rather than appreciating that '*the collectivte man" can 
exist only in the long term. 

There is a need to view new technological triumphs in the 
light of what their effects vill be on human life. Western culture 
can no longer view man as separate from and above nature. The simple 
use of cadmium in the electronics industry, without proper safety fac- 
tors in. indefensible. The knowle<3i;e that cadmium can be inhaled and 
transported by the Ijlood streain, resulting in its replacement of 
calcium in the skeletal system^ demands protective measures (see section 
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on non-ferrous loetetls). 

Society's head long rush to improve the environment l^y passing 
and enforcing appropriate legislation can be tragic indeed. We 
recognize the effect of phosphate excesses on the ecology of a hody of 
water. We do not anticipate the consequences of corrosive substitutes. 
Nor does nature stand still while a p&sticide is being banned by 
govcmmenteLl procedures. The dynamic system responds to the decrease 
of controls aad the insect population grows at an increased rate. Do 
we want to make commensurate the control of "equine encephaloinyelitis*^ 
and the freedom of the commons from DDT? 

Our present individual Mtivities must be examined in relation 
to the rest of society* We need to consider the possibility that 
technology is a "double-edged sword/* able to help and to harm. Does 
the organised pursuit and realization of technological progress act to 
destroy the chief ingredients that contribute to man's well-being? The 
levels of various pollutants can be determined, economic damage estimated, 
methods of controlling pollution can be established, and a price tag can 
be placed on cleaning up the environmeiit. But what level of clean air 
is desirable when contrasted to the other pressing environmental problems 
of housing, nutrition, or hospital services? If the air is clean, is our 
environment necessarily more healthful? ^ . 

If we neglect the input of solar energy, we are living on a 
finite earth which contains finite resooirces* The lau of conservation 
of energy, or the First Law of Thermodynamics, tells us that we may 
optimally expect a 100!S transformation of energy from one form to 
another. Thiis means that we have a finite amount of material resources 
to Jiupport a popujation. We may use fin . economic equation that /sayn 
population r>vie is equal to a constant times the Inverse of the standard 



of living* A large popiilation can be supported if we.accept- the lowest 
pbsiiible standard of living* \l^he Second Law of ' Themoiiynaraics states 
that a 100^ energy trar.sfonnation is impossible* Some energy is always 
wasted or unattainable , anci ve are- forced to support a lesser number of 
people or subscribe an even lower standard of living* ' 

Uncontrolled population tends toward an equilibrium in birth 
rates, at per 1000 ^population; vhereas , deaths tend to occur at. a 
const^mt, rate of 35 per 1000 population*_ In the following graph ve 
B-x:^ plotting population size vs, time; the slope of the graph equals 
a growth cuirve* 

Population 
Size 



Time. 



if our population exceeds our resources^ the population declines. When 
the population size - is lower thorl that allowed by the resources available 
the population in^ireases more rapidly than the slopt for an undisturbed 
society,* A "population could^ if it were sensitive to the environment , 
determine for itself when it has passed -the eguilibriuun point because - 
.the symptohis of overpopulation begin^ to-occur - malnutrition , disease, 
psychological disturbances j a/id environmental damage* . ^/fhen change in 
an ecosystem occurs .more rapidly . than a specie.s is able to adapt to, 
the , species faces extinct ion* Exainpi.es. of the stresses that can ' 
cause extinction ure food scarcity, climatic change, competitive 
Ui sndvaiita^^e -/ or. a sudden natural cycle Imbetlance,. 



-61^ 

Possible cures for over-population may be smmiifirily lumped 
order two headings, "birth control/* or increased death rate. Faced 
with these alternatives, man must make a moral decision - should he 
reduce births or face an increased rate of deaths, often beyond his 
control. 

Most approaches to the problem of population cont:*ol revolve 
around the attainment of zero population growth. Achievement of Z,P,G. 
for the U.S. will result from a drop of the current birth rate from 
17. 'I per thousand to about 13.0 per thousand. Once Z.P.G. is reached, 
the population size will level off and remain constant as long as 
public support of the program is general. This approach is not a total 
solution to overpopulation, since the population size may still be in 
excess of the resource base supporting it, and a negative population ^ 
growth rate may have to occur; no agreement exists or is apt to exist 
as to what the ideal population size should be. 

E. Society may need to change, modi^, or adapt human wants 
which are iu themselves, reasonable" and defensible* 

We must cone to the recognition that the terms reasonable and 
defensible are relative ones - their meaning can shift with time. Human 
wants that were at one time justifiable may no longer be so in a 
physical world of limited resources. The means by which human wants 
traditionally have been satisfied (increasing technology, conquest of 
nature) need to be looked at in the light of scientific and social 
evidence of their consequences. 

V/e know that life is damaged by present social conditions but 
we all participate willingly or unwillingly in a system that despoils 
the earth and exacerbates human relationships. We are unwilling to 
fiive up the personal advantages derived from the conditions which we 

c 

low are objectionable. 



Americans do not seem to tie willing to let the utilities 
continue devouring these ever-increasing quantities of 
water, air, land. And, yet, clearly they are also not 
now willing to contemplate doing without all the elec- 
tricity they want. (Jeremy Main, "A Peak Load of Trouble 
for the Utilities," Fortune, Nov., 19^9). 

Does every new automobile, highway, air conditioner, electric can opener 
create more problems for society than they solve? 

The proper flow of materials is now as essential to the main- 
tenance of the human society as it is to the maintenance of natural 
cycfes. However, the economic system is operated in large sectors in 
terms of a barter system characteristic of an agric^ulturally based 
society. Most of the resources in current u*:e were now even recognized 
as such fifty to one hundred years ago. Our current dependence on key 
meteils, many of which were regarded as waste impurities in other ores, 
is a result of the manner in which we conceive them to be< We need to 
redesign our major social, industrial and agricultural procedures toward 
a more effective means of functioning, 

a. A faster, more efficient recycling of the materials in the 
system^ 

b. , A greater dependence on natureil energy processes and ^ saving 

of our fossil fuels, 

c. A refashioning of our food cycle to produce the most efficient 
natural means of food conversion while decreasing our 
dependence on large volume fertilizer and pesticide usage. 

d. An establishment of early warning systems which will study 
the immediate and long-range effects of technological 
undertakings on the quality of the environment. Complete 
studies will need to be made concerning all of the cocsts 
of all societal function -even the social costs of the in- 
tangible effects, inc^luding the esthetic, Tlie Inclusion 
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of all such costs may possibly prevent certain manufacturing 
or constiruction processes by rendering them uneconomical by 
new benefit--cost standards. ' 
P. Social impetus for solutions can only come from the large group. 
Because of the chstracteristics of the problem and because of 
human nature^ it is alntost impossible to visu£>.lize solutions being accom-- 
. pli^hed on an individual or small-*scale level. The problem is such that 
"there is no one factor that by its removal or control alone vill lead 
to the ultimate solution.'* (Cassell, Eric J., "The Health Effects of 
Air Pollution and. Their Implications for Control," Lav and Contemporary 
Problems , Duke University School of Lav, Springy 1966), Individual 
actions must be combined to press for solutions. 

1. By its nature^ air pollution calls for public action, since 
air is a public commons subject to overuse, and it ic 
difficult to trace pollution from one source to one receptor. 

2. Air pollution has no x^o^it^cal boundaries. Air coniarainants 
frequently cross state lines and contribute to a condition 
of pollution in a neighboring state, 

3- The danger of creating "pollution sanctuaries" argues for 
broad-based action because "emitters vho have established 
strong economic positions as they polluted the air usually 
feel that they have also built up pre-emptive rights which 
ought not to be taken from them." (Earl Finbar Murphy, 
GoverniPfi Mature , p. l86). 

^. Human nature and its tendency to minimise the problem 
undermines broad action, 

a. "The real question is vhether the sense of public 
concern is enough to persuade people to sacrifice 
certain private goods for the suppression uf . j;::blic 



bads/' (Kenneth Boulding, "No Second Chance for 
Man/' The Progressive ^ April^ 1970, p. hi.) 

b. 'Vhen we use the word responsibility in the absence 
of substantial sanctions are we not trying to 
browbeat a free man in a commons into acting against 
>iis ovn interest?" (Gilbert Hardin, ''The Tragedy of 
the Commons,'^ The Environmental Handbook ^ p. h3) . 

c. Restrictions, controls, sanctions > appeals to 
conscience must apply to all> or ultimately, they will 
affect the behavior of none^ 

Our obligation to future generations may need to be redefined; 
progress in a direction favorable to human welfare will need to be main 

tained. Whatever restraints are placed on men vill have to be placed 

I 

on them with their concurrence^ anol will have to be such that they do 
not destroy man's sense of worth and security. 

Ill ^ Activities of Man Contributing to Air Pollution 
A . Introduction 

Man's activities have led to a higher standard of living ug a 
consequence of his efforts to satisfy basic pjiysical and psychological 
needs* Industrialization was a necessary consequence of the effort to 
fulfill man^s felt needs and led to a technological society that pro- 
duces on enormous amount of energy and material necessary to sustain 
us at our desired standard of livin^r. Over the Past jO years tho 

^ energy needs for every American man, woman and child has more than 
tripled. Currently, these human activities result in a production in 
cjxccics of :?09,000,000 ton£3 of fiir pollutants per year, or over on^ ton 
of tioHutantn per person. 
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We use approximately thirteen tons of material per person 
each year. Over Ions p<?riod of time people and businesses do net 
consume (joods. All goodu ars eventually either discharged to the 
environment or cycled back into the production process- An under- 
standing of the kinds and sources of atmospheric pollution is 
necessary to assess their collective defiling effect and desired con- 
trol measures. 

In terms of the atmosphf^re^ only two categories of pollutants 
exist: gaseous and suspended particle additions to the normal air- 
While these things do occur naturally^ by and large ^ pollution is the 
result of man's activities. Similarly^ whether a particular substance 
is Judged a pollutant or not is a conseq^uence of man's attitudes. It 
is often very difficult to assess the role of any one gaseous or 
particulate additive to the naturetl atmospheric state unless it is 
present in exceptional q^uantity (e.g. SOg in an industrial center). 

In looking at the political and economic implications of air 
pollution and its control^ there are some general considerations that 
appJy to all of man's pollution- creating activities. 

The economic dilemma arises from the historical fact that until 
recently ^ air has been regarded as free and the cost of its use for 
waste disposetl has seldom^ if e rer^ been a consideration. It has been 
precisely for this reason that the atmosphere has been so widely used 
as a disposal medium. 

Politically^ the problem is compounded because of the various 
levels for administering controls (federal^ interstate ^ regional* state* 
local)* the difficulty in arriving at and enforcing satisfactory stan- 
dars * and the fact that air sheds do not usually confooi to traditional 
political boundaries. To date* the fedex'al government Jias been more 
inclined to take a relative back seat in Xhe puah for aiy^ \' utJi'v: 
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control; it is willing to step in only when it has been demonstrated 
that the state and/or local machinery cannot arrive at a satisfactory 
solution of the probleii. 

Industry has indicated that it will activeJ.y pursue pollution . 
control if all have to live under the same regulations. Their desire 
for laws with wide applicability comes from the feai which each 
company has that the "good-guy" who has to raise prices to pay for 
cleaning up his operations will suffer competitively with the "bad^guy 
who hay not bothered, 

B, Primary Industries 
1* Mining 

a. Overview 

The history of the copper and bronze ages indicates 
that man hay, for an appreciable time, been able to extract and 
refine our natural raw materials. The Roman Empire establisiied a 
thriving trade with the British Isles for mineral resources. Later, 
rhe industrialisation of countries led to the establishment of factories 
close to natural resources of power ai^cl mineral wealth. Open pit and 
then deep mining, ac surface deposits became depleted, became prevalent. 
Deep mining became practical as veiitilation and automation were improved. 
The requirement for cheap fixed costs led to the exploitation of fossil 
fuels as a source of power. Closure, limited amounts of land in 
Western Europe, famine and politic;al unrest (wars) led to large emigra- 
tion, which provided a large labor force that could extract natural re- 
sources very cheaply. 

The first evidence of concern with air pollution was 

the suggestion Pliny the Elder that workers in mining and grinding 

I 

operations wear protective masks. Since Pliny's time, expar^sion of 
mining operations^ increased deep mining, increased use of mechanical 
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devices such as the pneumatic drill, and many other factors* have led 
to greatly increased air pollution and eventually an increased concern 
over the nature of such pollution and its deleterious effects, 
b. Sourc^es, Hazards and Controls 

Drilling, blasting, handling operations, and wind 
erosion are the major sources of particulates from, open mining. The- 
appropriate use of wet- methods an^i consideration of meteorological 
conditions can- control the dust, but add to water pollution! Deep 
mining effluents can come primarily from exhausting of mine air 
into the outside atmosphere and can bo controlled by appropriate 
filters. However, poor disposal of dust (stockpiles) may lead to 
the dispersal of particulates by wind. Furthermore, chemical reactions 
can occur in stockpiles of slag with the resultant production of 
hydrogen sulfide, and underground fires that cannot be extinguished. 
Many of these fires have been burning for over 15 years and in addition, 
they are diminishing the structural support of the earth. A recent 
study shows that there are five hundred mine fires burning concurrently 
in 15 states . 

The U.S. Public Health Service indicates that 1**2 
uranium miners have already died from radiation overdoses. This danger 
is predomineuitly due to radon gas, which may cause-an additional 600 
to 1100 uraniiam miners to die of lung cancer within the next 20 years. 

The control of dusts being emitted from uranium mines 
and stockpiles is very important. ^ The radioactive wastes can attach 
to dust particles on the ground or in the air. These dust particles 
are then trapped by the moist surfaces of the air passages in the lungs. 
Long-term exposure may lead to carcinoma of the lung. The proximity of 
the radioactive dust particles to cell tissue will destroy cr modify 



the cell in a shoi'L time spnji, nither by beta or gamma emission. 

Alpha emission injury require© entrance of the emitter through ingestion, 

or through epidermal breaks. 

The disposal of all uranium mill trailings is another 
53erious problem. The common practice is to use the refiise for construc- 
tion fill. In same isolated instances, the radiation levels measured 
in the houses built on this fill are so high that the homes must be 
evacuated . 

CoelI mining operations produce large amounts of dust 
from refuse and coal storage piles. A major hazard results from the 
fact that particle^ from 1.0 to 0.1 microns remain suspended in in* 
haled air and are irritants in respiratory diseases, such as silicosis, 
bronchiti^s, fiOfid emphysema (see Table ?)• With every breath, we inhale 
particlert up to five microns in size, which will reach our lungs. 
Certain dusts change healthy sponge tissue to useless fibrous or scar 
tissue. Silicosis is the most general disorder and has gone by the 
names grinder's consumption and rock tuberculosis. Usually character- " 
istic fibrous nodules develop and increase in size up to about four 
millimeters. As a result of loss of spongy material ," shortness of 
breath, difficulty in breathing, chest pains, and a racking cough are 
commonly experienced by the individual. The more advanced the disease, 
the greater the susceptibility to infection of the lung tissue* 

Fortunately, the body has some primary defenses such 
as cilia, tonsils, hair ,. sneezing and mucus. Referring to Figure 21, 
one finds that the hair in the nose filters out particles. The contours 
of the nasal cavity cause particles to come in contact with the cilia 
und mucus membranes. Diffusion also aides the removal of particlt^s as 
they'pass through the trachea. The filter system of the nose remoyes 
particJes fjreater than ],0 microns in diameter. Particles fvoi\\ 2 to 10 
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microns will usually settle on tlie walls of the trachea. Only 
particles between 0.1 and 2.0 microns are likel^'^ to reach the olvcoli. 
Particles less than 0»3 microns, if not absorbed by the bloody will 
be exhaled from the lungs. 

In spite of all the mechanisms, particles still lodge 
in the tvlveoli. Thif. may be preceded by bronchial asthma (see Ficurc 
22), where exoes'jive secretion of mucus in the bronchial tube obstinints 
the air way. This results iri recurrent coughinf; and difficulty in 
breathing. In extreme cases^ the alveoli become enlarged due to a loss 
of e]af;ticity* This disorder is termed emphysema and it is the most 
common disease of ths lung. Air becomes trapped in the lung and 
cannot be expolled. Shortness of breath and extreme difficulty in breath- 
ing result, 

TABLE 7 

Particulate Siz^^s for Different Particle Types 



Larp.e 
(greater than 100 u) 

liquid spray 

coarse sand 

drizzle 
fertilizer 
ground limestone 

large organic 
fragjnentn 



Size 



o 



ERJC 



Sma].l 
(.01-1 u) 

smoke 

met allurgical 
dust 

carbon black 
fine talc 
insect dustc 

salt nuclei 

aerosol mtsts 
colloidal silica 



Medium 
(1.0-100 u) 

fine sand 

fly ash 

coal dust 

paint piginentr 

insecticide 
dusts 

pollen plant 
spores 

milled flour 
bacteria 
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THE RESPIRATORY SYSTEM 
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Figure 21 
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BRONCHIAL ASTHMA 



Normal 
bronchiole 



Obstructed bronchiole 




S\AAD!ien 
mucous 
membrane 



Thick 
secretion 
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2. Agricultural .Activities 
a. Overview 

A3 a society progresses from an agricultxiral economy 
towards industrialization and an automated technological economy, 
there is a continual movement of people to urban areas. ?or example, 
in England (Circa the age of the Tudors), landholders became aware 
that raising sheep to supply the burgeoning textile trade with wool was 
mort? profitable than raising crops. Consequently, a series of 
closure acts wt^re passed, and many fanners were thrown off their land, 
which was in turn pre--empted for sheep » These farmers gravitated to 
the titles- A parallel can be drawn between this fOrred migration 
from the country to urban areas and our modem American migration. 

Gruduetlly, the Industrial i?evolution, with its concen- 
tration of materials and manufacturing in single plants, led to Kigher 
wages and continued migration to the urban areas-. These coriditions 
prevailed not wnly in Europe, but increasingly, after 18OO, in the 
United States, /Hie Industrial Revolution continued, accelerating the 
movenient from country to city, after each major war. , 

In the U.S,, a steadily increasing industrialization 
provided the lure of Jobs and higher wages in. urban areas, again 
decreasing the farm population. With the application of technology.^, ^ 
(meohiinized farming, agricultural chemicals, and g^jnetic improvement). 
It became possible for fewer farmers to farm increasing ■ amounts of land 
to feed a larger number of people. 

Th<! ini^roduction of the methods of technology to farming 
increased production to the point where farm profits decreased, necessi- 
tatj.ng help for tht farmer in the form of subsidieii - land bank programs, . 
and price supports- The increasea profits that could now be obtained 
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resulted in accumulation of large amounts of acreaf?e, increased 
automation, and use of pesticides* The (development of hybrids 
and disease-resistant strains of plants added to the unit produc- 
tivity. 

b. Sources, Hazards, and Controls 

One of the perils of so many rapid changes over a 

relatively short period of time can be seen if we recall the soil 

erosion in the Middle West and South West during the 1930 *f5. A 

latent dust problem may be created through improper seil preparation 

# ■ 

and use. Th^ conversion^ of range land into wheat land in Kansas and 
Oklahoma led to dust storms that were csirried to the eastern seaboard 
of the U,S. Furthermore, the production of specialty products (white 
asparagus), application of fertilizers and soil conditioners occasionally 
creates localized dust problems, which can be controlled by wind breaks, 
proper time of application, and proper cultivation procedures. 

Natural desert conditions and wind accompanied by loy 
rainfall caii produce dust storms. According to L. Battan (Unclean f)ky. 
Anchor, 1960), Sahara dust can be found on all parts of the globe^ (The 
enlargement of the Sahara Desert 'in the past century is a phenomenon that 
needs additionetl investigation)* Han's activities (travel, grazing, 
building) may churn the desert and produce conditions conducive to 
continual dust storms. In fact^) city suburbs in desert valleys are 
major sources of dust. Diffusion and absorption of light can become 
so intense that the sun may appear red to the viewer. Dust, which is 
really displaced soil, creates much pollution on its own- Additionally, 
airborne toxic materials, principally pesticides, are usually incorporated 
with the soil particles and add to the problem. 

Q Spraying of pesticides also produces aerosol:; which, 

ERIC 
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depending on their diameter, may drift substantial distances from 
their source- 

1 

TABLE 8 

r^orizoTtta,! Drift of Particles 



Size 


Drift 


vapor 


indefinitely 


less than 5 ^ 


many miles 


10-50 u 


several miles 


greater thaii 


8o? less thai* a mile 


100 u 





At present, the best method of control is to coordinate spraying with 
meteorological conditions. 

Still more air pollution may be caused by indiscriminate 
use of burning as a means of disposal of agricultural waste; Private 
burning cif weeds ^ leaves, and horticultural refuse is generally banned 
by air pollution laws in metropolitan states. However, commercial 
agricultural enterprises are generally exempted from the provisions 
of such statutes. Prescribed fires in Ihe southeastern pine forests 
are examples of lar^^o-scetle burning of this type- In this instance, 
burning is employed prior to planting of seedlings to remove weeds 
and brush, to facilitate planting, and 'to lessen the ha*/.ard of uncon- 
trolled fires during the early years of the forest. Removal, chip- 
ping, arid landfill operat:(ons are expensive alternatives to these 
burning procedures. 

Smudging of orchard crops to protect fruits from frost 
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is a great souice of pollutants, and it is being controlled by th.'^^ 
use of more efficient burners, the requirement of permits and 
le^jislativs? restriction. In California, smudge pots are not 
pt^rmitted. Other alternatives are infrared heaterc with r^eflectors, 
large wind machines, and flooding or spraying with vater. The 
technique used depends upon the fr ?.lt or vegetable in question. 

Agriculture has alLo been under pressure to reduce 
odor emission as residential areas become contiguous uitlj farmlands. 
For example, fruit and vegetable growing leadr^ to odorous residue. 
Old cabbage leaves, dropped fruit and grass silage aro notorious 
for their offensive odors. A common disease, known at* Farmer's 
Lung, may be caused by which results from the decay of silage. 

Dust, containing spores and fungi which are inhaled when handling 
silage and hay, are common hazards. Also, the raising of chickens, 
cattle, sheep, and hogs for setle produces a noxious odor problem, 
particularly due to nitrogenous wastes. 

The injection of liquid manure into the ground as 
a mothod of disposal is technically feasible, but expensive. The 
chemical treatment for odors, when the manure Is spread above ground, 
is not satisfactory at present. Also, the run^^off water from feed 
lots leads to enhanced pollution of streams. 

Fam animals profiu^e ten times the waste produced 
by the human population Good sanitary procedures, including the 
employment of lagoons for waste disposal, aid in the solution of the 
H problem- Of legal and social intei^st is the encroachment of housing 
tracts on rural areas- When livestock is raised under such conditions, 
it becomes imperative to pen the animals. "The feeding lot situation 
^ intensifies odors and creates complaints which initiate legal action- 

ijch court ftotiotjR Iiavc rtiisi*d legal tiueulionf. j^pior cccupUM<:y^ ^-t^*. 



the ^'grandf ather clause*' problem of much social le^jislatii^pn . ^ 

Tne detection of ofiors is he^t very subjective, 

siiice these iioxiaus substances depend upon corjcent rat ion and duration. 

Some substances, like hydrogen sulfide, are noxious at very low 

concentrations (this gas has an odor similar to that of rotten cg^^s) , 

and they block the ol^^actory mechanism at higher concentr^iitonc. 

At these high concentrations, hydrogen sulfide is ddorler^is and very 

toxic. A further* problem to be considered is whether or hoL the 

odor afft<;ts one.'s occupation^ or wliether it 13 simply an esthetic 

probleiju People seem to belesi? tolerant. of odors, particulcttes , 

and noise, if tlie. pollutants are unrelated to their ecoi.omic welfare. 

"When related to a person's employment, otherwise . i:r,noying pollutants 

are more often tolerated. 
* '—1 

' The" preparation of food for man and animal, .which 
requires milling;, mixing,' and drying, re^^ults in dust prob.lems, 
Cyclono-type filters ^nd cloth collectors are botlr effectively ur>ed 
for control (see Fii^urc 23). Tlie cyclone dlepends upon"the incoming 
gas being guided into a .cylinder in . such a way that a strong?; vortex 
is established! . '5,The heavier particles leave tangent to the circular 
motion on the outside of the cone. Clean gas escapes through a 
center outlet because of a vortex^created^ updraft , and the concentrat-- 
ed dust-laden air is withdrawn at the bottom. 

The bag filter passes gas at a low velocity through . 
finely voven fabric, arranged in tubular "bags/' !l*he dirtier the bag, 
the more effective is its cleaning action. Ttie J^agf? are rapped, 
rever^je-blown , or vibrated :periodieally to drop the dust into a hopper. 
In any case, the bags must be cleaned or replaced. If the particles 
cannot be used in tome manner, or recycled,^ a tremendour; rcf^ise problem 
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The whole food-processing industry produr^es odors from 
oxidative rancidity, catec'aol, and nitrogenous Compounds. These 
products occur when unsaturated oil from fish "oxidizes , or when or^tlier 
aulolytic processes, or bacterial drcay processes occur in proteins 
composed in part of nitrogen and .'ulfur. Most of the ^ases produced 
are amines. Starches and sugars decomposing under aerobic condition*; 
. ijrodacc .-ilcohols and acids with unpleasant odors (c./i;. , lactic acid). 
'Jood sanitary practices ar^ an obvious liolution. 

By-product processing represents the most difficult 
odor problem. The transportation, storage, and cooking of raw 
material require expensive equipment to control plant air, and probab- 
ly refrigeration during transportation and storage. The residues 
from canning, dehydration, and quick-freezing must be disposed of 
before an odor problem develops. Anaerobic and aerobic lagoonn, 
Sanitary landfill, and incineration, as well as charcoal filters, and 
scrubbers (see Figure 21*), are etll being used to dispose of food-pro- 
cessing wastes. 

Tlie scrubber can remove fumes, mists, and soluble gases 
In addition to very fine particles. The one illustrated uses a spray 
to remove particles and gases, whereas others employ atomizing, dynamic, 
centrifugal, and packed towers. The major problem is what to do wXtVi 
the resulting polluted water. 

Incinerators, of course, create their oto air pollution 
problem. All methods produce solid waste problems. Do we solve one 
problem t>y creating anothei'? 
3* Silviculture 
u. Ovorviow 

O During tlie colonization of tlie U.^;. , tlie rcri:i:l.i; \tK:T''* - 
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denuded pri!narily to clear land for farming and to supply timber for 

the British Navy, The use of lumber as the predominant' building 

\ ' ' - * 

material' gained momentum throughout the 19th century » which has 

3-. " _ /.V ■ ' " ■ ■ 

b^e'n termed the '^Age of Wood;** Until this time^ no one^. except for 

a few visionary 'writers paid m.; /h atterition to the idea of conservation. 
Gradually, concern^ for natural resources emerged, and by the end of 
the nineteenth century^ a strong conservation movement existed- Initiated 
by Presidt?nt Theodore f^oosevelt aJid supported by concerned Americans, 
legislation establishing natlontil parks, forests, wild life refuges, 
and wilderness areas was passed in the early part of this century* , 
This activity spawned the soil conservation services, as, well as the 
creation of hundreds of state parks and forests » 
.b.. Sources, Hazards, and Controls 

Forests create pollution resulting from both forest fire^ 
and the decay of organic material. The pollutants are generally short- 
cliain bydrocarbons (methane., organic sulfur and nitrogen compounds). 
Pine forests release ejnissions, known as turpenes , which are then 
converted to particulates. These partic;ulates are responsible for 
the esthetically pleasing haze associated with the Blue Ridge 
Mountiiins » .J, ^ 

Irresponsible ilviculture results in an imbalance of natural 
cycles* I'ho cutting of all tree Ei in a water shed leads to erosion 
and possible erlargeraent of arid regions, Changes in the plant commiirjity 
(size of wooded f«rea, types of vegetation) will also affect the structure 
of an animal community, A study of the Hubbard Brook Forest in New 
HajTipshire, where 'till the trees i.n a water r>hed were cut, xndicatt;d 
that the .ion concf-ntrutlon of runoff water from blie cut area. pol luted 
the sLrctuAS ".in tljc watershed. The uj^e of trt^e3 by cl i ff-dweJ J J rjp: 
Lmliasis of Ihe ^- t^outhwest' r^:fulte^l in tirn J arremf;nt of tUt^ ')-siPjrt., 
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WET SCRUBBER 




and the region has never returned to its^fortner ecological balance. 

Fifty percent of the carbon dioxide in the naturally balanced 
cycle is assimilated by terrestrial plant 'life. Since improper 
silviculture^ or air pollution^ along with removal of vec<?tatioii for 
the jiurpose of constructing roa(3s aiid buildings^ will haanper the 
process of photosynthesis global carbon dioxide concentrations may 
increase at a fasjtpr rate in the future (see Figure According 
to Gome estimates^ the cumulative effect of burning of fossil fuels 
as energy sources^ and the decrease of green plants as utilizers, could, 
barring the action of other related variables^ raise the temperature 
of the earth from one to seven degrees • An increase of seven degrees 
is based on a static model* assuming no increase in water vapor or 
particulates- Accurate estimates of the variables affecting the dyutunic 
model are not possible at the present^ but estim^tea would indicate 
something close'^^ to a 2% temperature increase. Up to .the present^ the 
temperature has noL shown a substantial incft^ase* 

Tlie fac^ that a static model utili'^ing carhoii dioxide has 
been used in calculations relative to temperature should be stressed. 
One might eilso hypothesize that the increased production of light-colored 
particulates associated with increased consuixption of fuels ^ would 
lover the global, temperature. This would result iij an increat>e of 
tiurbon dioxide dissolved in the oceans- The phytoplankton would then 
be able to photosyntheticeilly fix more carbor dioxide. The carbon 
dioxide equllibriuin would then be displaced in a direction tending 
to reduce atmoispheric carbon dioxide ana decrease the ^'hot houru" 
effect- The resulting lower temperatures » enhanced by the ii£iht--colored 
particles* would again increase the I'ate at whitih carbon cJioxide is 



dissolved in thr ocean. It is possible that an Ice agr could result 
from this dynamic process. - 
Process Industries 
^ 1- Power Generation 

a. Overview 

The Industrial Revolution in England (176.0-1030) and 
the United States (early l800's with accelerated tjrowfn after the Civil 
War) progressed from the use of wooden machines which utilised water, 
i^team, and animal power, to metal machines dependent upon electrical 
power, or pneumatic power for stationary machine operation. Eli Whit- 
ney developed the system of interchangeable parts for manufactured 
items, and Henry Ford initiated the assembly line. Technological 
advances » wluch resulted In automated industrial procedures, required 
tremendous amounts of power. Electricity is the most efficient form 
of power for long distance transmission between stationary sources; 
therefore the demand for electrical power sources incrctised rapidly. 

b. tiJources , Hazards, and Controls 

The sotirces of energy that are presently available 
f:>r the production of electrical power are solsir, hydrodynamic, fossil- 
fuels, and nuclear, l^he use of solar energy is largely limited by 
climatic factors. Unfortunately, air pollution in some areas which 
might othesrvlse be able to utilize solar energy, sometimes create^; 
too much interference with solar radiation to permit the development 
of solar energy t«.s a resource. The increased use of water power is 
hindered by the ecological ramifications of damming water sheds, and 
by the inefficiency of lon^^ distance power transmicsion , as well 
land coniaervation problems. 
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Here and there engineers are trying new approaches to 
the problem of water pover. Engineers in France, for example, are 
trying to harness ti-Jal energy" as a means of generating electrical 

power. However, unles.s there is a major innovation in hydrc.-lectric 

- 1 

power, we seem to be limited to using fossil fuels and nuclear 
reactions as sources of energy for power generation ,(see. Figure 
25b}V ' One can see from the"graph"that by the "year"2000»' Da 
cahnges in usage patterns ,^ natural gas as a source of energy 
will exceed nuclear energy and be approximately equal to the energy 
derived from coal. Hydroelectric power ^and nuclear ener^?y are 
.projected to produce about the saine total amount of energy. Compared 
with all energy sources ^ hydroelectric energy will constitute a mere 
12$ of the total' world primary energy production by 1990v 

Electric power plants produce approximately 2h% of 
the total air pollutant emissions in the U.S^ during l970. 

The major pollutants emitted were the sulfur oxides, with 

.1 

nitrogen oxides and particles of secondary Importance. - CbaJ-fired. 
plants produce ever 90% of the sulfur oxides and particulates emitted 
by pover-'generating plants. The production of carbon dioxide, not 
considered an air pollutant. Is produced primarily by pover-generatirtg 
plants, and the internal combiistion engine. Estimates for the annual 
.emission of carbon dioxide in- the United States yhovr a 33% increase 
between IBOO and 2000. The passage of legislation in large urban 
areas requirinij "the burning or organic fuels containing less, than 1% 
sulfur content has already decreased the SOp concentration to 60% of . 
the 1965 levels. .Figure 26 gives the relationships between gaseous . 
pollutants and their sources. Table 10 shows that ihe particulate 
problem is baslcly caused by space heating, an^ municipal anci on-site 



incineration. 

The oxidation of SOg to SO^ and consequently the pro- 
duction of sulfur acids in the atmosphere, require about a four day 
time period. Sulfurous and sulfuric acids, causes deterioration of 
metal^S, limestone, marble, leather, cotton, wool, and other materinir, 
either through dehydration or the formation of sulfate salts. Plant 
and animal damage occurs hy reaction of SO^ with water in the tissueu^ 
Tht* frai^ enters the pla;>t through the stomata, and the firfit indication 
of damage is typically necrotic (dead)^ spots about these stomata (see 
Figure 27). The palisade and spongy cells may also be affected. 

Sulfur dioxide, reacting in this fashion, is ono 
of the gases most toxic to plants. Near Ducktovn, Tennessee, an area 
of vegetation was destroyed and the scil was chemically affected by 
the effluent from a copper smelter. Fifty years after this incident, 
the area remains barren. Acute injury to plants by sulfur dioxide 
typically occurs above 0.25 0.30 ppu over a one to two hour exposure. 
Chronic exposure may result in injuries at concentrations between 0.10 
and 0.30 ppm. Table 9 gives sensitivity of some selected plants in 
order of increasing resistance. 

TABLE 9 

Plant Resistance to Various Concentrations of - 
Sulfur Dioxide Over Long Time Periods 

u 

S Plcmt Con c ent rat i on s 

.2 ppm 

.3 ppm 



■p 
to 

to 

pa 

c 

to 



Clover^ Trefoil .15 

Com, beans, spinach 

Roses, strawberries .2 - 

Cabbage, soybeans .3 
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DIAGRAM OF A LEAF IN CROSS SECTION 
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Figure 27 



Some investigations are being conducted on the effects, of tvo^or 
^ more gaseous pol.Xutants upon a plant/s resistance ■ to damage. 

TABLE 10 

Analysis of Sources for^ Dust and Soot 
' in New York City: 1969 . ^ 



Sources . . . % of Total 

Space heating 32.3 

Municipal incineration 19*3 

- On-site incineration' .18.^ 

Mobile sources Ih^'i 

Power generation 9*2 

Industrial sources 6.5 

Total tonnage/year ' . 69il20 



Table 11 lists health effects of various concentrations 

of sulfur dioxide. This gas is an allergenic agent with respect to 

branchial asthma. In the presence of smoke, 0,21 ppm of. sulfur dioxide ' 

is associated with deterioration of physical well-being of urban dwellers.- 

Toxicblogical data seems to indicute, however, that nol SO but SO n^j-y 

^ 3 

be the harmful ccxnpound. - ' - 

The elimination of SOg from stack gases to reduce air 
pollution creates-'other problems. One method of removal is the injection 
of limestone into the combustion flaine to form calcium sulphate., but 
this presents a waste disposal problem; a 1,000 megiwatt pover plant^ 
wouJ.d produce approximately. 1 ,100 tons of calcium, sulfate per day. 
Other methods that are toore expensive in terms of capital investment 
iinii operatirif^ costs yield sulfur or sulfuric n<:lti aii by*-proiiuctf;. If 



these methods are widely adopted^ the electric generating industry 
could produce these chemicals in such large quantities as to damage 
the^ existing marKets over" a relativeiy short, period of time. If our' 
sulfur demand' should increase or our resources become limited^ then 
this source might meet sulfur requirements, Hovever^ no process now 
in use is sufficiently ficonomical to encourage general adoption p 

. ■ \ . TABLE 11 ; . 

' Health Effects of Sulfur Dioxide . 

Concentration of 

S0_^ in Air ^ Effects ' .. 

25 - ^0 ppm ^lo chronic effects observed ; , - 

20-25 ppm Irritation 

hc^s than 20 ppm, No chronic effects 

,5 ppm Threshold for odor 

^ ■ " .3 ppm Threshold for taste 

5. ppi^ Industrial thresholi^ level 

More recently > oxides of nitrogen have been reco^^uir^ed 
as seriouii' atmospheric pollutic^n agents, Nitrog<?n oxides can be 
converted in the atmosphere into acids of nitrogen. These nitrogen 
bcids attack much the same materials as the sulfur acids. Nitrogen 
dioxide .produces fading of dyed fabrics and is very poisonous to 
animals and ^lan^s. ' Tlie effects of nitrogen dioxide on humans are 
given in Table 12, 

NItronij oxide:is of lover toxiciily than nitrogen 
;^ dioxide p ' Hovover^ ^0% of nitrous oxide is converted to nitrogen dioxide 
in M IVw iTiijiutrj^ in Ltio aUmoi^pijfM'r ^ Tht' i^tUti-r t^jiti n^\,fi}-t]i\ ,phir>t 
Krc»vt[j at .Op'> (>}»jn, rUtrf>^;en dioxuif; iii protlncifn [irlm;irlVy f^- by- 



problem due to nitrogen oxides is primarily one, of affluent. societies^ 
-in urban areas, Ritrogeh oxides contribute to photochemical smog of 
urban areas by entering into the reactions which produce PAN, or 
peroJiyacietal nitrate. 1 

' TABLE 12 ' 

Health Effects of Nitrogen Dioxide 

- Concentration of ^ ^ \ 

- WO^. in Air Symptoms 

' Greater than 50 ppm , Ho tissue response 

10 - ^0 ppm Pulmonary fibrosis, . . ' ^ 

Emphysema,' and Farmer's^ Lung 

5 - ,10 ppm Irritation of throat and nose 

1-3 PPTH Odor irritation . ' . 

5 ppm Industrial threshold limit 

The Use of alternate fuels , in addition to posing serious 
problems for the coetl and oil industries, raises other complications. 
Natural gas, a desirable' fuel in terms of sulfur content and other 
emj.ssions froia burning, is limited in' supply. It is the least . abundant . 
of the fossil fuels, with a pote^ntlal reserve for only ^0 - 60- years. 

Currently, an attempt is being made to burn only coal 
of sulfur content in major power plants. At the present time, 

there is no "economical" means af desul^furing coal; however, fuel oil 
rather than coetl is currently being uaeii by electric utilities, 

;Phe movement away from .high sulfur content fuels provokes 
deep concern among coal producers , .who see this as a start towards 
national policy awayfrom all but the smetll percentage of coal that 

contains' no sulfur. Such a policy, it has been estimated^ will cost 

i 

the coal industry mor^^than .130 million tons of sales per y^jx^'-^. 



elxminate 50,000 jobs, and hurt the railroads which profit from a 
huge coal-hauling business. 

The projected rapid growth of the electrical power, 
industry (doubling by 198O) , and the unfortunately slower 'than anti- 
cipated growth' of the nuclear electric generation of power, are 
compounding the problem. It is highly unlikely that the I9OO sulfur 
dioxide emissions will he reduced to even the 1970 levels. 

Other proposed alternatives include the gasification 
of coal, increase in hydroelectric production , geothermal power, tidal 
power, solar power,) use of fuel cells, and increased reliance on nuclear 
reactions. All of these alternatives at present involve problems. 
Coal gas, which is relatively pollution-free, .costs quite a bit more 
than solid coal. Fuel cells., because of the cost of their catalysts, 
are still' prohibitively expensive. Costs of catalysts alone riow range 
about $2U00 per kilowatt hour of generating ^capacity as compared with 
the 1;otal costs of approximately $100 per Kilowat't hour' for steam- 
powered plants. Nuclear -production of enfjrgy presents other problem?; 

in adflition to costs; ^ fear of radiation^; effects , lack of specific 

' // 

knowledge of the effects of nuclear plant emissi^pns on the surrounding 

^ . . 't " ■ 

environment, and the acknowledged therrr^al pollution of rivers, streams, 
or the atmosphere. Additionally, there is concern over the adequacy 
of reserves of nuclear.. fue^l.„, .iV'^' x^resent, electrical energy utilization 
ajnounts to, only 0. 15? of the total potential ener^gy tivailable in uranium^ , 
i^^35* .If it were not for the inabili1:|y to construct iind opere.te nuclear 
electrical generation plants at maximum capacity, the current , supply of 
$60 ,000"per~ton uranium ore would be'jjiorae depleted in less thun five ^ 
yearns. All that would remain is an ^^;e.stimated half million tons at $6 
^million dollars, per' ton, Hy6roclect^ric!;power , now about 12% of In- 
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pallet c'.ii:iar i Ly in the United ijtates , alrf^^idy approachinfr. full 



exploitation. Geothermal power, tidal pover, and i^olar power, at ' 
present, appear to be limited to specific regions- 

As has teen previously indicated, power demands have 
been nearly doubling every ten years for the last several decades. 
Projections of this grovrth' rate would indicate an increase in 
United States power consumption from 1>500 billion kilowatts in 
1970, to 2,75.^ tiillion kiloi/atts in I98O. Faced with a shortage of 
low sulfur fuels , as^ mentioned previously, and increasing demands, 
the power industry has- teen turning increasingly^ to nuclear-fueled 
plants.. At=' the time of this writing, July, 1971, there are 21 operable 
nuclear-fueled power plants producing 8,300,000 kilowatts (see Figure 
28), ■ Fifty-six more are under construction, and thirty-seven are in 
the advanced' planning stages with reactors ordered. Minimally, these/ 
reactors, planned or operable, should result, by 1978, in 111* nuclear- 
fueled units producing 92,135,800 kilowatts. 

Currently the nuclear-fueled ^power generators in the 

United St^ates are of two types^ either boiling water, or pressurized 

water, Figure"29 Illustrates ^the basic components of these systems. 

In essence, the pressurized water reactor, has three discrete water 

ciscuits for transfer of energy,. The first circuitstransfers beat - 

from nuclear fission to a heat exchanger. This ' heat exchanger 

transfers heat energy to vater in the^second circuit at the boiler 

^ - ■ , ' 

.unit. The steain generated is used to drive a turbogenerator. The 

third water circuit is usually a through system in which water is 
drawn from a lake, or stream, used to condense the steam, and then 
returned to the source. It is this third circuit, retjuiring approxi- 
mately l,O0Oj.OOD gallons of flow-' per minute in a 1,000 niegawatt plant, 
that is "ballsing concern relative to thermal pollution of streams. 

~ The boiling water reactor uses, the Pteii/n {/?nery^;eJ vij 
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The nuclear power plants included in this map are ones whose power is 
being transmitted or is scheduled to be transmitted over utility electric 
power grids and for which reactor suppliers have been selected 
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Figure 28 



th*^ r- ;ictor 'c^re to drive the turbine without the intermediate 
circuit. This systejn uses water, which has been in direct contact 
with the reactor in the external system and results in a somewhat 
higlier radioactive discharge into the air. 

Radioactive materials inevitably escape into the 
effluents of nuclear-powered plants. These radioactive materials 
may result from the escape of fission products in a ^raaeous form 
tiiroUGh r^mall holes in the cladding, which encase the uranium oxide 
fuels. Also 5 gases dissolved in the cooling water may be made 
radioactive by bombardment with neutrons from the rtractor core. 
Pr-idioactive forms of oxygen and nitrQg<?n have half-lives in the rntige 
of seconds and constitute no contamination problem in spite of rather 
high initial concentrations. Argon-itl has a hetlf-life of 110 minutes. 
Iodlne-131, which escapes in microcurie qua:ititie£5 as a vapov, has a 
Jialf-life of eight days. Some representative nuclear discharge rates 
art; shown in Table 13. 

L^egulations currently in effect require that the 
.adiation levels outside the boundaries of the plant be such that 
the general population is exposed to no more than 0.17 rems per year 
(a rem is defined as a unit of radiation dosage which is the product 
of two factors: exposure to ionising radiation and the relative 
biological effectiveness of this dosage). Typical background radiation 
levels from cosmic rays, rock deposits, etc., are in the range from 
100 to 125 millireius. Radiation levels within the permitted range are 
achieved by holding the gaseous effluents until decay has reduced 
radioactivity to within the safe range. Proposed changes in licencing 
requirements would reduce the permitted exposure to of the average 
background -exposure, or about 1% of the current Kederetl protection 
guide amounts. These new levels are within the efi'Luent ranpe aJ" 
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but three reacotrs in operation in l9Tl, 



TABLE 13 

Nuclear reactor discharge rates of activation and 
noble gases and of halogens and particulates 



Nuclear power plant 



Activation and 
noble gases 
(uCi/second) 



Halogens and 
particulates 
(uCi/secop^l) 
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2 X 
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Utilities; complain of the lack of a coordinated and 
systematic review by a single agency to consider eill the factors 
implicit in the construction of new power facilities (the need ior the 
additionetl power supply, cost of the project, its impact on the environ- 
ment, and the available alternatives). Charles F. Luce, Chairman of 
the board of Consolidated Edison ^^ixes the various laws that apply 
to new construction by Con Ed in a speech before the Bar Association 
of New York Cityc 

1* If the p3ant is fossil-fueled, approval is needed 
from thrfee federetl agencies, four Mew York State 
agencies, and 20 New York City agencies. 
2. If the plant is nuclear, permits must be obtained 
from the same agencies as for the fossil-fueled 
plant, and in addition, 2 licenses Jaust be obtained 
from the U.S. Atomic Energy Commih&io::. 
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3- * If the plant is .hydroelectric 5 a license nmst be ■ 
obtained from the Federal Power Ccnmiissiofi. 
-If the facility is a ne\^ tranami ssion line j right- 
of way through private property must, be dbtained./ 
in ^addition to nemtits from all .public bodies 
whose iancis or streets ai^e crossed and from all 
zoning authorities concerned with the area. 
\ ^- 5- If the facility (generating plant or transmission 
Mine) is to be located in the Hudson Kiver Valley, 
plans must be filed with the Hudson River Valley 
. Coinmission for review to determine whether' it- 

conforms to a plan for the preservation ^ enhance- 
ment, and development of the valley. Luce fee,"ls 
that, because of this fragmentation of review, 
^^^^^ ''environmental trade-offs, need for power, 

reliability, cost, relationship to other projects, 
' and alternfitives , are accorded only such information 
and ad hoc consideration as men of good will who 
administer the various laws for protection of the 
environment feel they can give them/' 
The- increasing shift by power-generating utilities 
from high sulfur - content fuels has meant higher operating expenses 
for the utilities and consequently, higher prices for electricity* 
For example. Con Edison of New York hss been changing to fuels that 
contain ies? than 1% sulfur with the consequence . that there will be 
a decreased use of . coal and an increased reliance on gas and atomic 
power. By 1976, Con Edison will be using low sulfur coal and fuel 
oil, the equivalent or 6.2, million tons of. coal per year, as compared 
with ].0^^'^ million tons in I966.. New Jersey's Public Ser-^ ice Klectrie 
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and Gas Company has signed long-termed contracts for low*3ulfur oil 
to replace some coal. In I-os Aiigeles, local rules require utilities 
to use natural gas instead of fuel oil, Commonweeilth Edison in 
Chicago is retiring its coal-burn'ing units and replacing them with 
gas turbines and expects, by I98O, to have reduced its use of coeil 
by 68?!. Here, too, there is a trend toward atomic power. The 
increased consumption of low sulfur content fuels in urban areas 
results in an increase in sulfur content of the fuels available to 
other geographic areas, 

This switch and other measures taken in the iiiterest 
of pollution control are costing the utilities ever-increasing siims 
of money. Cincinnati Gas and Electric estimates that its total invest- 
ment iu antipollution equipment runs to nearly $8 million end that 
expenditures will rise from 3% of total capital investment to 5% and 
higher in the near future. In addition, removing SO^ from stacks 
will increase electric rates by another 5-10% once this equipment is 
ready for operation, probably in the late 1970*s. Their operating 
costc for pollution control increased from $S^0,000 a. year in 196g 
to over $1 million in 1969, ^.argely a result of the change from coal 
to gas< Con Edison of Ijew York says its fuel costs will rise more 
than 10% a year, or a total of $l5 million, Ttie privately owned 
tilectric power industry spent over $200 million in 1969 to counter 
air pollution as compared with $127 million in 19^-7 « These are all 
costs that the utilities vill pass on to their customers. 

For utilities which require fuel with a relatively 
high sulfur conteritj there are .^^^vt i:,rocesses for cleansing the 
stack gases that are commercially applicable, These processes are 
capable of sharply reducing the concentrations of sulfur oxides 
emitted by electric power generating stations. The consiur.e^ vill 
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have to, pay 6 to 10 percent more for his electricity, according to 
recent estimatesj, for these procec^ses. 
2. Haiiufacturing Tiidustries 

a/ Overview ... 
By their nature, manufacturing industries can be 
located in a wider range of places than can primary industries. The 
owner of a caal mine cannot pick up his coal mine and move to another 
state if he fetls the pressure of increased labor cost, or of anti- 
pollution legislation . In contrast, the manufacturer of a product*. 

* can,^ in principle, decentralize his industry in a number of states 
as it grows. He is governed less rigorously by the location of i*aw 
material, and more by such variables as availability of power, cost ^ 
of labor, business inducements such as low taxes, and advantageous 
legislation. ^ . ' 

Many industries may pollute the environment locally. 
Somut of these industries may have enough plants in many different 
locations to require federal legislation or sanctions pertaining to 
the entire industry* This type of legislation, if necessary, should 
apply wherever the corporate plants are established. Eventually, as 
concern over world-wide pollution growls, international treaties and 
agreements will have to be sought so that one country will not, by its 
manufacturing ^^^'^-^^^^^^^^^ > pollute anotiier. 

' ^ * Since the atmosphere does not respect national boundaries, 

it would not be acceptable to have a plant, based in an adjacent country, 
polluting the United States because of prefailing wind* ^When t'lere are 
a limited number of plants located in one state, then state-generated 
emis&ion standards should be^ sufficient. In fact, a test case is now 
in progress which will detemine if a state can require more stringent 

O controls over an industry than -established federal resulatioha. 



Sulfur dioxide is of major concern because of the 
formation of acid mists vliich arise from the oxidation and hydration 
of the original dioxide. Close. to 80^ of the world's atmospheric 
sulfur dioxide was originally emitted ' as hydrogen sulfide^; The 
combustion of fuels accounts for l6% of the world's sulfur dioxide 
and the smelting of non-^ferrous materials and petroleum refining 
constutute U% of the total sulfur dioxide which. is put into the 
atmosphere. The industrial contribution of hydrogen sulfide is not 
significant on a global basis. Natural sources of hydrogen sulfide 
are organic matter, oceans , and volcanoes. 

b. Sources, hazards, and controls 

Because of the dependence^^of our technology on the use 
of fossil fuels, the petroleum industry is a logical starting point 
for our examination of air pollution problems in manufacturing indus- 
tries. There are over 200 refineries of petroleum in the U.S. which' 
supply, over the total United States requirements for liquid 

petroleum products and naturetl gas.. The petroleum refining process 
consists of separation, conversion, treating, and blending. We are 
particxilarly concerned with the treating process in which sulfur is 
removed from petroleum as hydrogen sulfide. The hydrogen sxilfide is 
then converted and recovered as siaTuf:r^~'it is burned, releasing 
sulfur dioxide. The industry has spent considerable effort in trying 
to come up with efficient methods for desulfurization. 

.Currently, high molecular weight organic molecules 
are used instead of lead anti-knbck additives to suihieve non-pleaded 
gasoline. To date, there is no indication whether these additives 
will resxilt in increased or decreased air pollution when compared to 
the formerl}' used lead additives. 
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Hore research will have to be done on alternative 
methods of improving the anti-knock properties of gasoline » Surveys 
indicate that unleaded ...gasoline performance levels similar to those 
of the current leaded fuels can be achieved if the. public will 
accept the 2 to 5 cents per gallon increase » 

Refinery emissions cover the entire ganmt of major 
pollutants. The problems vary, delending upon the type of plant and 
the . qiaantity of emissions. Tlie most effective, pollutants are hydro-, 
carbons, nitrogen oxides, sulfur dioxide, carbon monoxides, and smoke. 
Unsaturated hydrocarbons react rapidly in the atmosphere with oxides 
of nitrogen and ultraviolet light to produce the various gases which 
conr/titute photochemical, smog. In 19^8, petroleum refineries in the 
United States rented 100',000 tons of particulate matter, which, consti- 
tuted only 0.1*^ of the nation's total. . . 

The use of external cyclones can reduce 90^ of 
particiilates and a.maximura level of control, 9^% or more,., can be 
achieved with electrostatic precipitation {see Figure 30). The 
electrostatic precipitator is most effective in the removal of small 
particles; however; it will remove gaseous effluent at temperatures 
beXow 1100^ Farenheit. The particles pass through an ionizing region 
and are charged by accumulation of ions. Next, these charged particles 
pass between collecting electrodes, ' The effluent particles are removed 
from the electrodes by vibration or washdown. 

To achieve 9^!^ control of particulate emissions the 
investments cost per plant would range between $69,700 and $103^,500; 
for. maximum control, the cost would range between- $137,000 and $203,000. 
In' order for maximum control to be reached by 197^, total industry 
investment would have to be between $11.2 million and $l6.5 million. 
Presently irj the United States 25^ of the plarjts have achitivot^. maxim^jm 
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control, and 1^% have none, or only minimum L;ontrol. 

^The petroleum industry emitted 2.1 million tons of 
sulfur oxides in I966, which was ^% of the national total. The 
industry's major source of sulfur oxide emissions is the burning of 
hydrogen sulfide. This gas forms in a number of refinery operations, 
such as catalytic cracking, hydroc racking, reforming, and' hydrotesting. 
Hydrogen sulfide ib also Eissociated with the formation of low-molecular 
weight hydrpcarlDon products of paraffin refining. The gas mixture 
p3X>duced, usually called "refinery process" gas, is usually collected 
and 'used as a refinery fuel. This hydrogen sulfide can l^e removed 
l^y use of amino al^sorl^ers. It can then l^e recovered to produce elemental 
sulfur and water vapor. 

For the industry to achieve 90^ control of sulfur oxides 
ty 197'j , estimated costs 'would l^e.-al^out $16.2 million. In I966, the 
petroleum industry spent about $70 million to prevent both air and 
water pollution. According to a spokesman for Air and Water Conservation of 
the- American Petroleum Instutute; ''Produce prices will undoubtedly rise, 
in proportion to the amount of equipment installed and the scope of 
research and deYelopment-* needed to meet increasingly, high standards of 
air and water purity.^' ( U.S.- News and World Report , April 3» 1967> P* 

1^5)- - ■ \ 

The vast consumption of paper in this country is keeping 
our. pulp and paper mills working overtime. Here^ of the three processes, 
mechanical, semichemical, and chemical, used in the preparation of pulp^ 
the chemical processes have the greatest potential for ait* poliutioru 
Chemicals used in the preparation of pulp are expensive enough that the 
plant makes an effort to recover as much of th'em as possible from the 
spent cooling liquid. During the chemical recovery process^ large- 
quantities of hydrogen sulfide are emitted to the atmasphors. I.f; iron 



shot is used during- the cheniical recovery process ^ Iron particles 
may deposit on painted surfaces In the vicinity ^-f tiit=^ plma, 
' (i i/Tocloring the surfaces. These chemical processes also produce 
offensive, i^^ritating odors. Various systems are in /use and proposed 
for odor al^atement in the paper and pulp industry^ but the most . 
din^ct and effective method is incineration ^ which ^ unfortunately, 
does not provide for chemical recovery. 

The control of particle emissions in thin industry 
is standard procedure^ since the salt cake collected can be used in. 
the paper .and pulp process. The use of electrostatic precipitators 
as a first choice represents high investment and maintenance costs. 
The second most frequently used collector is the venturi scrubher^ = 
which has low investment and maintenance costs. 

In order" to reach maximum control by 19T^J , total 

industry . investment would have to be between $2,7 mi^,llon and $h,6 

million. For lO companies engaged in the production of paper and 

allied produCtts i H, 51^ of the totaJ capital expenditures was spent 

[ ■ ■ - ■ ^ " ' ■ . / 

for pollution controls, of which 1*U% was forair pollution, in 1^67- 

68, During the same period, 1^ industries in this field spent a total 

of $3,150,000 on research ;and engineering for pollution control, 

Tne Crown-Zellerbach Corporation's Mill at Port. Townshed^ 

Washington, has .been equipped with new facilities to combat pollution 

at a cost of $8 million and 2 years for complete installations (including 

a recovery bioler 10 stories high to remove 08^ of solids and 90% of 

the hydrogen sulfide.^ .leaving the plant). Crow n^Ze lie rhach, however^ i^-lau 

i-lo^A:: H KniTt-paper mill in British Columbici because^ "pollution costs 

are prohibitive,** The St, Regis Paper Company expects to spend $50 

million on air and vater pollution over the next 5 years, 'At American 
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Can Company's nev paper mill in Hals.qy r Oregon , pollution control 
costs average about 10^ of total capital investment. 

Presently, sulfate- (Kraft) pulpmills account for ?/3 
of the total pulp production in the United States. In 1966,. sulfate . 
paper mills- emitted 315,000 tons of particulates {3,5% of the national 
total). The major sources of particulate emisSAOn are rt=>covery fur- 
naces , general ly "controlled by electrostatic . precipitators ^ lime kilns , 
find, snielt tanks, both commonly controlled by wet scrubbers. 

To control particulate' emissions , the cost of investment 
per plant ranges from $209,300 - $336,800 for ^0% control, to 352,i*00 ^^ 
$585,100 for 90% control,' and $509,300 ^ $051,300 for maximum control. 

The American chemical industry today produces hearly 
half the non-Communist world *s supply of chemicals.. Tliere is a wide 
diversity of production. In addition to producing industrial solvents, 
catalysts, and coatings, the industry provides base ingredients f or ^ 
food, drugs, dyes, fibers, plastics, paints, fertilisers, pesticides, 
and cleaners. This vide range of products also involves a wide range 
of waste materials -that are introduced into tHe water and the atmos- 
phere. The speed, with which new chemicals are developed, produced, 
and marketed is often such that there is inadequate knowledge of the 
long-range effects. Hydrogen sulfides, oxides of sulfur, floiaridesv 
organic vapors acids | particulate matter, and odors axe' among th^ 
wastes added to the air by the chemical industry. 

The effect of only one of the chemical industry's 
effluents— flourides , is well known., Polk County in Florida had been 
a" center of the cattle raising industry since the 1850 's and the cheater 
of a profitable citrus industry. Between 1953 and 196^, an estimated 
O 150,000 acres of cattle land were abandoned, and 25,000_acres of citrus 
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groves vere dariia^ed. In the seveu yeai* period between 1953 Q^nd 19^0, 

the cattle population of Polk County dropped 30,000 head.. The cause- 

of tht; cattle duuthL; vns ditLghosed, as flouride poisoning. Thi; 

source of the poisoning was traced to gas and dust emissions, sprt^ad 

by wind, from the stacks of the many phosphate-processing plants that * 

had appeared in the area following World War II, Powell" County , 

Montana^ experienced similar probloras vith their cattle following the 

location there of Kocky Mountain Phosphates, Inc., in 1963. Flouride 

is absorbed and concentrated in vegetation, especially gras;scs* This 

call lead to flouro£=is of animels feeding on the ve^^otation. Table ih 

J.istFi the effects of flourides on human health. 

. . , /-I 

TABLK 1^ . . 

Flourides and Hujnah Health 
Con c en t r at i on s _ , Syiop t oras 

120 ppm " -Highest concentration tolerated less 

than 1 min. hy 2mm, smarting of skin. 
60 ppm ' -Brief exposure - invitation of nasal 

passages, discomfort of pharynx, trachea* 
30 ppm -All persons complain and object 

seriously to staying in the environment. 
10 ppm -Experience of discomfort.'. 

3 ppm -Ho local immediate effects are noted* 

^"0.1 ppm of flouride -Threshold limiting velIuc 

3 ppm of hydrogen flouride -Threshold limiting value 

There have been a number of lawsuits involving flouride 
damjage. In cne case in Florida, the plaintiffs were attempting to force 
^ a manufacutrer to -install higher stacks. ,The compciaiy argued VAixtt thJs 
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vii!:; nqt a practical soliition because the ejctreme corros j.V6n<^sy of 
flDuride would corrode th'-. f^tac^;?^ too^ i^pidly. The company won the 
suit 

In an atte^-mi.t. allcviai^e the pro"bIenis created by 
the phosphate industry, Pier ..>ri, creatc^d the Polk-llillsborough Air- . 
Pollution Control, Distri Ci; . At a. cost of $I6 million to tlie phosphate 
LnriuLitry betw*^en 1959 anci 1 -Xo r rd;aui^ld*^ ^emissionj^ werf: cut from - 
33,000 pounds per day In the winter of 3961-62, tg i;i ,000 pounds per 
"day in the winter of 1963-6^*. Actually, the cost of this contj-ol ' 
has been higher than the figures indicate bficause it -ha^^ meant the 
building of more modern plants, one, for exajnple, at a cost of $^0 y 
million. Kven with these measures , the' continued existence of the 
problem. will require more stringent control which will in. turn mean 
higher expenditures. Due to this, one large company closed its 
phosphate subsidiary because it felt that changes in treatment were 
not . economically feasible. 

The largest group pf activities under tiie inorganic 
chemical industry label is the productions of acids. The greatest 
hazard created by this process is the release of acid mists which 
con cause the deterioration of materials in the near Vicinity of the 
plant- A colorless effluent cannot be accepted as an indication of 
proper plant operation. The emissions from a nitric acid plant can 
be made colorless by reaction with methane; however, the corrosive 
properties "are not eliminated^ 

Costs to the chemical industry for pollution control 
have increased in recent years. A report issued by the Manufacturing 
Chemists Association surveyed the recent activities of chemicGil manu- 
facturers in controlling pollution. The report indicated that by 
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the beginning of I96T, the U^S. Cheinical Industry had invested $673 
million in air and water pollution control facilities and had spent 
$226 million, or about kO% of this investment^ in the five year 
period 1962-66*j Based on these figures, the MCA has projected that 
the chemical industry' will invest $U05 million during the period 
1967-Tl. To opelrate and maintain these facilities, annueil expenditures 
by the industry had reached $101 million at the beginning of 19^7, 
showing a 50^ increase over the previous five year period. Operating 
expenditures for air pollution control were $23.7 million in 1962, 
and $i*l*T million in 1967. In the area of research for air pollution 
control, spending by the industry was $9.1 million in I967. 

The increasing amounts spent by the chemical industries 
in the area of pollution control have produced severetl changes within 
the industry. For example, a spoliesman for- Union Carbide says: "In 
our processing work with chemicals and plastics, we used to concern 
oiirselves with minimum investment and efficiencies of rav materials. 
Now .we have a tiird ingredient, pollution costs. So we reassess the 
process. We trade off the origineil reactants for more expensive ones 
if the process results in fewer pollution costs/' (Business Week, April 
11, 1970, p.. 66). 

As a consequence of tackling their own. pollution prob- 
lems, several, chemical companies €Lre using their knowledge thus gained 
to enter the ppllution control business. Monsanto has combined all of 
its pollution control activities into Enviromnentetl Control Enterprise* 
Included in this will be Monsanto's subsidiary, Biodize Systems Inc., 
which offers commercially the Cat-Ox ca.talytic oxidation process systems 
for removing SO^ from stack gases. American cyanamid. Allied Chemicals, 
Dow Chemicetl, DuPont, and Onion Carbide are other companie.s that are in 
the business of pollution control • 
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Ores of the non-ferrous metals : copper, lead^ and 
z;inC} occur as sulfide mineretls in the earth's, crust. The' smelting 
of the ores results in the reirioval of sulfur as sulfur dioxide. 
Add^tionally^>^^.^the,feIIJisfiions of flourides from, aluminum smelting are 
of great concern. But possibly of more concern is" the rapid increeise 
of new products and the improvement of existing products for our 
societal needs i which leads to the utilisation of new rac?tals that 
contribute to atmospheric pollutants. In most instances i little 
resJearch and testing have been done relative to their potential as 
atmospheric poQJutants before their use by industiy. In this section 
ve shall cite existing evidence concerning the dangers that arise from 
the production and process of various non-ferrous metals. 

Arsenic, which has been used for many years as an.insecti 
cide, is emitted primarily during the nickel, cadmiujit, ainc, and copper 
smelting operations. Small amounts of arsenic can be measured in the 
ambient air of most cities. The effect of arsenic and its compounds 
on hunians is dependent upon the. level of concentration aiid the partic- 
ular compound, i.e., elemental arsenic is non-toxic^ but ars ine (AsH^) 
is ex'creiaely toxic. Humans can take in arsenic compounds by inhetlation, 
ingestion,, or absorption through the skin. Currently, the supply of 
arsenic produced by smelting operations is greater than the commercial 
demand. The disposal of large stockpiles is an ongoing problem. 

There have been three arsenic poisoning episodes in 
1903, 1905, and 1962 associated with smelting operations. , The local 
population shov/ed the effects of arsenic poisoning while herbivorous 
animals died during the incidents, and in one instance, the Montana 
episode, animals were killed as far away as 15 miles froiji. the plant. 

Very little is known about the dangers of barium. This 
lement is. being studied currently as a potentifil air pollutant because 



-11?.- 



of its? extensive use in diei^el fuc] s as aJi additive for reducing black 
4sjnoke emissions* Barium compounds are also used in the oil drilling 
irjdustry, in tlie wJiite paint pigment: Lithopone, and in paper, riihber, 
clot:., linoleum, and oil clotji as a filler. The only evi(]encp of -m 
^^ffect upon humans is the production of a benign pneumonitrosi s {Known 

baritosis}^ in per^^ons inhaling barium compounds* Soluble l;ariuin 
compounds are known to be highly toxic. 

Bi-jry ].lium Is among the most toxic ami hri^iardourr of tli(^ 
3ubstaiices being used in industry. On.^ of its original uses was as a 
phosphor in flourescent lamps. This use continued until 19^9* The 
primary sources of beryllium pollution are mining, burning of coal, and 
exhausts cf machine shops and foundaries* 

Boron is probably inhaled as a dust during the production 
and manufacutre of boron ccanpounds and products. Borates are used in 
high-energy fuels and produce a localized problem where these, fuels arc 
used. Borate poisoning is characterized by disorders of the central 
nervous system. 

Cadmium occurs as a by-product In the refining of 
zinc and other metals, it has a large range of industrial uses (e.g., 
electroplating, storage batteries, semiconductors, atomic fission controls, 
fertilizers, and pigments for paints). Cadmium can produce chronic and 
acute poisoning. Inhalation of cadmium fumes causes damage to the 
Kidneys and studies have linked it to. heart disease and ea^^cer. Recent- 
ly, the first report of cadmium poisoning of a Japanese female worker 
in the electronics industry was published. In this instance, the 
cadmium was reported to have replaced skeletal calcium, which led to 
extreme pain and a weakening of bodily functions. The worker died by 
committirif^ iiuicide. 

[\C Thff decorative ui;e of chromium ay wtO ] ix*; Ui*- urwu^ - 



tion of stainless and. austenlte steei^ and chromium chemicals (fuel 
additives, corrosion inhibitors* pigmtints, and tanning agentci) has 
increased envirpninenteLl containination. It has been found that a 
number of health problems arise from contact with the compounds 
of chromium: ulcere on the skin, perforation of the nasal septum, 
and cancer of the respiratory tract. It is both stimulating and 
toxic to pl€uit growth, depending upon the concentration applied to 
the plant. Contact will cause corrosion of mt^^tals, di£.>coloration 
of paints arid building materials , and damages to paper and textiles. . 

Almost all manganese enters the atmosphere as manganeGe 
oxides, primarily from blast furnaces. Other sources include tiie 
manganese found in fuel additives, welding rods, and the incineration :.. 
of manganese-containing products. As a pollutant, manganese acts as 
a' catalyst, producing even more undesirable atmospheric pollutants, 
Gig.^ sulfur trioxide. Manganese can ca\ise generalized soiling of 
materials^ as -well as manganese poisoning (a disease of the central 
nervous system)^ or manganic pneumonia In , humans. 

Mercury is used extensively for the electrolytic prep- 
aration of chlorine and caystic soda^ Also, mercury is used in in- 
creasingly greater amounts in electrical apparatus, apints, and 
laboratory products. This incz^eased use results in potentially 
hazardous conditions in laboratories ^ schools, hospitals, and 
dental offices. Both mining and teh refining of ore lead to the 
input of mercury and its compounds into the atmosphere. ^ 

Mercury can lead to the poisoning of the-human 
system. Atmospheric monitoring of this substance should increase 
in the J\iture. Once the mercury p^issos the blood-brain barrier, it 
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becomes bound in the brain in greater concentrations than any other 
org€ui of the body, Alkyl mercury compounds affect the motor and. 
sensory nerves, ana this disorder is known as chronic poisoning- Wlien 
acutR toxicity occurs » the follouiiig symptoms may bt; noted; metallic 
taste, nausea, vomiting, diarrhea, and- headache . Teeth may loosen 
and ulcers may develop on the lips and cheeks. 

The predominant ui;*^ of nickel ore In tiie production 
of £;tainles:3 steel and nickel-plating, along uith tlie use of nickel 
for the aging of liquors, dying of oils, bleaching;, purification of 
waste water, crackinf? of ammonia, and catalytic conjbus^tion of organic 
-compounds in auto exhaust. While nickel metal is non-toxic, the nickel 
salts are highly toxic. The inhalation of the nickel compounds may 
produce cancer of the lung and sinus, or other respiratory diseases. 
Signs of central nervous system disorders are quite common, Kickel 
carbonyl, which is found in cigarettes, is known to be extremely toxic. 

Selenium dust, fumes, or vapor, produces irritation 
of eyes, nose, throat, and respiratory tract on contact. A prolonged 
exposure results in gastrointestinal disorder, and po^^sibly kidney 
and liver damage. An early indication of a selenium disorder is a 
garlic odor of the breath. Selenium Is produced as an atmospheric 
pollutant at copper refineries and lead smelters. It is utied in the 
production of electronic and electrical products, paint pigments, glaaa, 
lubricants, blasting ?aps , photocopies, stainless stee"" , arid chrorrJuin 
plating. 

The present concentrations of vanadium found in the 
atmosphere are very low. 'i'he increased use of vanadiiiin, and the 
coni^mnpti on uf vtLria*n.nm-bt'''tir.i iif* oi h; inA coal:^ will i ncn^'irjF: the pot,r*n- 
IJui I'ur "iii |>i>!l J lit i on by Vfjjiatlium. E'Jt^w York arju Hf-w Jt-nivy rnnk rir;:t. 
r>"iid ijt^cond, nii^iH't^t 1 vciy , wiLj) regard Lu varmdiuT* i^jnccn^r" - in Lin; 



ambient stir, but this is^ probably due to the high density of 
varmdium chemical industries found in these states. The. uses of 
vanadium are in photography, ceramics, atomic reactors, and as a 
f:atalyst , for example, in the production of sulfuric acid by the 
contac:t procccs. 

At pr(*&-.mt;, only threshold limit values have 
been J>et for these metals and their compounds by the ^^ovemmantal 
industrial hygienists. To date, no environmental air pollution 
levels have been set for these various metals or their compounds/^ 

The open-hearth method of steel manufacture which 
produces 7-12 pounds of dust and fume i>er ton"'of produced steel is 
being replaced by the oxygen furnace. The electric arc furnace 
pr^asents special problems in emission control because of the location 
of the electrodes and high temperatures involved. The major pollutant 
is iron particulate vhichcan coat all surfaces in the neighborhood* 
lljus depreciating the value of property- " Iron oxide is not considered 
to be toxic, but it is considered a nuisance .pollutant. However, to 
the car oi/her who must repaint his car or the parking lot owner who 
must close the lot because of its proximity to a steel-producing plant , 
iron particulates are more than a nuisance. The steel pltint may find 
that upon contt*olling pollutants, they cannot dispose of them in adja- * 
cent water supplies and unless they, own considerable land* the dii^posal 
of iron oxide in approved landfill locations might be quite costly. The 
steel industry might well find itself involved in the trucking business • 

In 1968, the steel industry's emission of particulates 
amounted to 1,900,000 tons, or 1*0% of the national total. The industry 
also emitted about ^15,000 tons of sulfur oxides, a]thou^;h fueli^ burned 
in the procej;.: pOrtloji oT Mteej :nJmU>ry ar-j :iXi\:.i\.iy i.'elov X% culfur 
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content for metallurgical reasons* The blast furnaces used to reduce 
iron ore to pig iron are not a significant source of air pollution, 
since. the exhaust gases are normally cleaned to a high degree and 
recycled to be consumed as fuel. The particulate emissions in steel 
production come from sinter plants , open-hearth furnaces, basic oxygen 
furnaces, and electric furnaces. 

The highest estimate of the annu:::! cost of maximum 
control for particulate emissions in 197^ is $69-T Liillion- This vould 
be less "than one. half of one percent of the. projected value of tho 
product for that year. The investment to- control emisfjions from an 
op'"^n-hGrarth furtiace ranges from a low of $90,000 per plant for 00^ 
control,* to a high of $285,000 for maximum control. -For a basic oxygen 
furnace, control costs range from a low of. $337 ,500 for S>0% control, 
to a high of $1,068,800 for maximum control. Costs, for an electric 
furnace range from $7^,000 for OOJS control, to a high offe?8,oaO for 
maximum control. Sintering plant costs range trom $169,300 for 80^ 
control, to $1,262,700 for majcimum control. 

The total steel industry investment to reach Q0% control 
by 197** would range between $33,500,000 and $67,500,000; to rench 90% 
by 197^^ between $33,^00,000 and $68,000^000; and to reach maximv^i 
control Ipy 197^, between $63,900^000. and $126,900,000. 

In the Calumet area, Chicago-Gary, Indiana, the four 
major steel producers in the. area have agreed to spend $?0 million 
by 1972, substantially reducing their air pollution.. These four 
producers account for 90% of Chicago's steel production, Youngstown 
Sneet and Tube Company is installing a water control plant to eliminate 
discharges of flue dust from blast furnaces at a coat of $2< 5 million. 
Interlake Steel Corporation has spent $1,5 million to date for electro- 
static precipitators. In New York State, approximately $1.00 per 
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ton of the cost of steel is ac covin ted for by air pollution control 
costs. Hew York State*s portion of the iron and steel industry's invest- 
ment in control and abatement equipment is expected to double by 19T3, 
;;oing from $17.9 million in 1967, .to tUO.7 million in 19Y3. If 
operating costs/air pollution control costs remain in the same ratio, 
then in [few York State, the steel industry would spend around :tlO milliori^ 
uy 1973 for abatement. ; ^ 

U.S. Steel, which has been using electrostatic pre- 
. cipitators since the early 15^50'^ puts its cumulative Investment in 
air and water pollution controls at well over $235 million in 1969. 
Bethlehem Steel figures that its expenditures for pollution control 
will rise from 6% to ll% of its capital investment. Ttie American 
Iron and Steel Institute estimates that reporting members are currently 
budgeting over $325 million a year for pollution control of one Kind 
or another. 

I? 

Even as U.S. Steel and others are installing new 
controls, .a "Big Steel" spokesman has said that there is no chance, 
at least for the present, of changing internetl processesi to eliminate 
a wajor pollutant - iron dust. Abatement efforts are being concentrated 
at points of emission and for a good economic reason: 'Phe basic 
oxygen furnace, a very heavy polluter, is still the most economical 
way to produce large q^uantities of steel. 

The minor fabrication industries may contribute 
sutistantially to the pollution of the local environment. An asphaltic 
concrete plant produces both dust and odor. The odor is usually a 
ver:>' localized problem and the particulate emission can be reduceri 
twenty times with appropriate control devices. Concrete batching 
plants produce local dust problems which can be controlled. An 
uncontrolled plant is estimated to produce ten times the dust, a^; 



-118- 



to a controlled plant. The production of cement is a notorious 
dust source. Th& cement dust settling on materials in the rieighbor- 
hood quickly produces a'hard, gray coating which can only be 
removed by using extreme measures- A large cement plarjt may i>roduce ^ 
as much as 60".tons of dust per day. Even if this aanoimt were reduced 
by 9*?%^ the resulting- 3 tons of dust per day would result in an air 
pollution problem' no matter where the plant is located. Because of 
the tremendous amounts of dust produced, the collector used must. be 99% + 
efficient. Yet > because of the concentration of plants near the natural 
resources J even the use of the most efficient filters may not be 
enough; dustfall rates of over 35 tons per square mile per month are 
being recorded in areas of the Lehigh Valley in Pennsylvania. This 
amount can be coinpared to the very heavy dustfall of New York City, 
New York, of approximately 100 tons per square mile per month. 

In 1966 there were 188 cement plants in operation 
in the U.S. Of these > ll6 were wet process plants and the remainder 
were dry process. Both processes are potential sources of substantial 
amounts of particulate emissions. In 1968> Portland Cement, witti 9^% 
of the total cement production > accounted for about 870>000 tons of 
particulate emissions^ 3% of the national total. 

In cement production, the main source of emissions 
is the kiln. Other sources include grinding and materials handling 
operations^ but air pollution control is an integral part of these 
operations as the value of recovered products is more than enough to 
. pay for the cost of control. . 

Th^i investment cost per; plant for particulate, corrtrol 
ranges from a low of $^7^300 for SO^ control in a wat. plant, to a higii 
^ of $^i)?-OuO for maxiiQUin control in a dry plant < TuLh-I inOt^st.rj' ■ 
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investment to reach maximxan control by i9V\ would raiiBe from a low 
of $15-2 millton to a high of $17*^ million. 

Asphalt batching plants are sources of potentially 
hfravy ^ust emissions ; many plants emit well over inon pounds X}^ir hour. 
Even with an industry-wide average level of 90^ control, asphalt- plants 
account for about 5i;0,000 tons per year of particulate matter, or about 
2.0% of the nation's total.. Within each plant, the rotary dryer is 
the principle source of particulate emissions. 

Based on. I97i; capacity of asphalt batching plants, 
the high annual cost for maximum particulate reduction is ;tl9.8 
million* This woul'i be .about l.IV^' cf the projected value of . ship- 
ments for that year. 

The production of glass and ceramics requires very 
high temperatures (1000-17, OOO^C) which convert part of the raw 
laaterials into .gaseous mixtures; The principle gaseous pollutant, 
hydrogen chloride , is found to be a constituent of some furnaces 
with a downwind concentration approaching 1 ppm. This causes atten^ 
dant material and ve£;jetative . damage in ;the adjacent area. 

The milling, product manufacturing, and use of 
asbestos has become of prime importance lately. The asbestos fibers 
are placed into the air through milling procedures, deterioration of 
automotive- brake linings, and, more recently, the use of sprajed-on 
Yihers as insulation in the building construction trade. The fiber* 
can reach a hman lung where it may cause, asbestosis. This disease / 
has been recognized since 1927 as being associated uith the mining 
and processing of asbestos. The lung lesion is a diffuse fibrous in- 
filtration. Coughing, loss of appetite, and ^increased shortne^ss o1" 
breath are symptomatic of the disease. It has B.lno been , linked 
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with 'lung cancer. Unfortunately, the disorder does not hecome apparent 
until 15-30 years after exposure to asbestos fibers. 

Transportation 

Societies have always had a need for transportation. Individual 
and socio-economic criteria for transportation include freedom, mobility, 
rapidity, and convenience/ These are the primary considerations in the 
development of any transportation system. The automobile provides .us 
with' optimum speed, comfort and flexibility between origin and destina- 
tion* Our changing social patterns have necessitated not. single, but 
multiple vehicular transportation per family. The wife now workss , or ' 
must transport the children. House cetlls by doctors and deliveries 
by stores are on the decrease* Weekend road trips are formulated 
and promoted by travel and state agencies. 

The most vigorous efforts to control air pollution will need 
to be aimed at the largest single source , transportation,, which pro- ^ 
duces greater than of the total emitted atmospheric pollutants. 
It is in precisely this area that perhaps the greatest obstacles are 
encountered. It is much easier to regulate one stationary source than 
10,000 automobiles (there are approximately 100 million automobiles 

in the United States)* Furthermore, no one legislative agency has^ 

* ■ ■ 

control over the trjansportation 'industry . 

The exhausst emissions from the automobile are. most important. 
Sixty-three percent of the total carbon monoxide emitted annually comes 
from gasoline -powered motor vehicles. Evan though vehicular travel is 
evenly divided between urban and rural areas, the slower driving speeds 
irhich prevail in urban. areas accounts for well oyer 6o% of the totaJ 
^ carbon monoxide emissions. Adding to the carbon monoxide probifcrji firr.- 
Ihc imiiil^l.onli from refuse liisposal, aircraft bc^Jov 3^^! ,000 ft:;r't , vJid 
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industrietl emissions in urban areas* Table 15 shows the natiouwide 
carbon monoxide emissions for 1968 by category. Carbon monoxide 
is ^chemically relatively inactive, but it restricts oxygen intake 
severely {see Table l6). High concentrations during peak traffic, 
are found at street level, and in tunnels. It has been conjectured 
that many autcMobile accidents in tunnels- are the result of an 
impaired judgment produced by increased carbon monoxide levels in 
the? blood stream. 

. Hydrocarbon emission is next in importance and nitrogen oxides 
are third. Motor vehicles accounted for over 50 percent of the total 
hydrocarbons emitted in the United States. One half of the hydrocarbon 
emission occurred in urbeui areas with the production of hydrocarbons 
inversely related to speed. A marked ,decrease in hydrocarbon production 
will occur in rural, areas where travel speeds are higher aiid stops are 
mintmized. Table 17 summarises hydrocarbon sources. 

The burning of fossil fuels accounted for 88 percent of the 
total emitted nitrogen oxides in the United States in 1968. Within 
this 88/5, 8.1 million tons came from transportation, of which 7.2 
million were accounted for by motor vehicles (see Table l8) . Unlike 
carbon monoxide and hydrocarbons, nitrogen oxide emissions are unaf- 
fected by the speed of the vehicle. It is hot surprising ttiat the 
movement of population to metropolitan areas correlated with the 60 
pf^rcent of all nitrogen oxides occurring in urban artjass. 

T}ie exhaust gas from automobiles accounts for all of the 
carbon monoxide, nitrogen oxides i lead compounds, and 65 percent of the 
hydrocarbons. The remaining hydrocarbons are emitted ft*om the 
. crankcase and evaporation from the carburetor and fuel tank. On a hot 
dtiy ia coJifj05tL*d trriffic the emiJ>sioh of hydrocarbons from iht: 
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TABLE 15/ nATIONWIDK CARBON MONOXIDE EMISGIOHS, I968 



Source \ ' Emissions ^ Percent 
10° tons/yr of total 



Transportation . 


63.8 


63.8 


Mot m* vr>h i r*! p *i 






Gasoline 


59.0 I 


59.0 


Diesel 


0.2 


0.2 


Aircraft 


2. It 


■ 2.11 


Railroads 


0.1 


0.1 


Vessels 


0.3 


0.3 


Hon-hlghuay use of motor fuels 


1,8 


1.8 


Fuel combustion In stationary 


1.9 




soiirces 






Coal 


0.8 


0.8 


Fuel oil 


0.1 


0.1 


Natural gas 




' K 


Wood 


1,0 


.1.0 


Industrial processes 


9.7 


- 9.6 


Solid waste disposal 


7.8 


7.8 


Miscellaneous 


16.9 


16.9 


Forest fires ^ 


7.2. 


7-2 


Structural fires 


■ 0..2 


0.2 


Coal refuse burning ■- 


1.2 


1.2 


Agricultural burning 


8.3 


8.3 


Total 


100.1 


100.0 



^ = Negligible 



Source - KAPCA Publication # AP-73 
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TABLE 16. HEALTH EFFECTS OF CARBOK MONOXIDE (CO) 
Snoodderly, Jr- , New York Scientists^ Cominittee for Public Information 



concanxraLion 
of 00 In Air 



% iJarbomonoxyhemoglolDin 
in blood 



Symptoms 



Up to 30O-I1OO ppiB 



.100 ppm 



50 ppm and below 



15 ppm 



30-HoSe and above 



Up to 20^ depending on 
exposure and activity 
of subject . 



20^ in dogs e:icposea for 
only 5-75 hours per day, 
for 11 weeks, 

2 ~ h% and above, 
Majcimum.of abovtt b% 
(calculated from ?) 



Up to 2.k% (caJ-ciLtated 
from 5 ) 



Severe headache, dim vision, 
nausea , collapse . 

Headache at 20%. Impaired 
performance on simple 
psychological tests. and 
arithmetic above 10% CO 
in blood - 

Brain and heart damage 
found at autopsy. 



Ability to detect a flashing 
light against dim background 
worsens with increasing 
amoiints of CO- h% was lowest 
point, shown, but atithors state 
that even the CO from a single 
cigarette coxild be. shown to cause 
rise in visual threshold- It 
it, therefore, obvious that 
smoking and exposure to CO 
from auto exhaust interact- 
Subjects presented with two* 
tones and asked to judge which 
is longer. Judgment impaired 
at this level of CO in the air; 
lower levels of CO not studied- 
Results interpreted as 
impairment of ability to Judge 
time. Wot known whether this 
may influence people's ability 
to Judge time- Not known whether 
this may influence people *s 
ability to drive safely. Another 
author- concluded that 1-2^ 
CO in the blood should catlse a 
detectable number of errors 
on psychological tests if a 
sufficiently large-scale, 
experiment were done. 

New York's air quality goal. 
Even this amount of CO could 
cause some of the effects on 
vision and loss of Judgment of 
time that are mentioned above. 
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?ABLH; 17. NATIOMV/IDE HYDROCABBON EMISSIOSS, 1968 



Source Emissions, 10 tons/yr Percent of total 



Transportation 


16.6 


51.9 


Motor vehicles 


15.6 


■ I1O.8 


Gasoline 


15 .2 


^7.5 


Diesel 


O.ii 


1.3 =^ 


Aircraft 


0.3, 




Railroacis ii 


0.3 


0. 


Vessels ^ 


0.1 


0.3 


Non-highway use of motor fuels 


0.3 


1.0 


Fuel combustion in stationary 


0.7 


2.2 


sources 






Coal 


0.2 ■ 


0.6 


Fuel oil 


0.1 


0.3 


Natural gas 


HE 


M 


Wood 


o.u 


1. 3 


Industrial processes 


It. 6 


lU.li 


SoJid vaste disposal 


1.6 


5.0 


jMiscellaneous 


.8.5 


26.3 


Forest fires 


2.2 


6.y 


Structural fires 


■ 0.1 


. 0.3 


Coal refuse burning 


0.2 


" 0.6 


Agricultural burning 


1.7 


5.3 


Organic solvent evaporation 


3.1 


9.7 


Gasoline marketing i 


1.2 


3.7 


Total ! 


32.0 


100.0 



Source: KAPCA Publication # AP-T3 
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TABLE 18. MATIONWIDE NITROGEB OXIDES .EMISSIONS, 1968 





Emissions ^ 10^ "toris/yr 


hercent oi total 


Transportation 


,8.1 


39. 3 


Motor vehicles 


T.2 


3^.9 


Gasoline 


6.6 


32-0 


Diesel 


0.6 




Aircraft 




N 


Bailroads 


O.It 


1.9 


Vessels 


■ 0.2 


1.0 


Non-highvay use of motor fuels 


0.3 


1. 5 


Fuel combustion in stationary 


10.0 


1*8.5 


sources 






Coal 


It.O 


19.1* 


Fuel oil 


1.0 


It. 6 


Natural, gas 


.It. 8 


■ , 23.3 ■ 


Wood 


0.2 


1.0 


Industrial processes 


0.2 


1.0 


Solid waste disposal 


0.6 


2.9 


Miscellaneous 


1.7 


8.3 


Forest fires 


1.2 


5.8 


Structural fires 


N 


■K. 


. Coal refuse burning 


0.2 


1.0 


Afirieultur«l burning 


0.3 




Total ^ . ~ _ 


20.6 ~ 


"100.0 


Source: 


MAPCA Putlieation # AP-T3 
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carburetor and fuel tank approximates that from the tall pipe. 

The 19^53 crankcase control device (see Figure 3^) decelerated 
the rate of increase of hydrocarbons. Except for aromatics and 
ethylf^ne , unburned hydrocarbons pose no great problem in the atmosphere?. 
However, it is th€; photocatalytic chemical process resulting in the 
production of oxidant which makes .the hydrocarbons undesirable.-. In 
order to control carbon monoxide and unburned hydrocarbon emissions, 
the technif^ues of better fuel control^ adjustments to spark timing, 
containment of crankcase, fuel tank and carburetor vapors, along witli 
mechanical changes, have been tried. The exhaust may be converted by 
catalytic muffers (see Figure 3k) or by being converted when kept ^ 
sufficiently hot and exposed to oxygen. In addition to this devices 
evaporation. control is obligatory for 1970 model cars* Figure 31 
shows clearly that if automobile exhausts are not controlled by lyy^n 
the automobile would accoimt for almost one half of the total Vorld 
pollution generation. By controlling the emissions of automobile 
exhaust, it is projected that by 1990 the automobile and aircraft would 
produce about. 1^0^ of the world pollution^, generation from the consijunption 
of fossil fuels. 

The engine emission comparison (Figure 32) points out that the 
turbine engine would be the most feasible method jat this time to 
^decrease pollutants at cruising speeds, , In urban areas, society mutit 
shift quickly to some type of rapid mass transit or electricetl -powered 
vehicle to transport people. The diagrammatic arjaiy^sis of pollutaiits 
found in Figure 30 demonstrates that the ^combustibn process at high 
temperatures will produce a variety of pollutants. This burning is not 
enough to produce the Expected by-products of complete combustion — 
carbon dioxide and water vapor. 



PROJECTED LEVELS OF WORLD ATMOSPHERiC POLLUTION 




1&50 1960 1970 1S60 1 990 2000* 

YEARS 



^ FlC>UR£ 31 PROJECTED LEVELS OF TOXIC POLLUTANTS tN THE WORLO ATMOSPHERE 
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ENGINE EMISSION COMPARISON 

AT CRUISE POWER 



POLLUTANTS 
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WATER 










VAPOR 










DIOXIDE 




DIOXIDE 




DIOXIDE 


CARBON 




CARBON 




CARBON 



Gasoline 



Dieset 
ENGINE 



Turbine 



AIR POLLUTANTS 



INPUTS 



Exhaust 
PRODUCTS 



EFFECTS 



FUEL 



OXYGEN 



NITROGEN 




TRACE GASES 



Carbon dioxide 
Water vapor 



( Oxides of nitrogen \ 
\ Unburned hydrocarbons 1 



j Smoke 

Sulphur oxides 



Alleged ctimatic 
modifications 



Smog 



I 



j Restricted visibility 



TO 
V3 



-> {Paint and masonry damage 



Carbon monoxide 



Toxicity 



Residues from additives | Toxicity (lead compounds) 




This grpup of chemically reactive, irritating, 
and /or" toxiic compounds are generally 

considered POLLUTANTS. 
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INTERNAL COMBUSTION ENGINE 
(Modified) 



Air 




Blow- by pipe 



Figure 3^ 
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The most feasible method to control nitrogen oxide emission is 
by restricting its production in the cpm"bustion chamber. This ^'ou]d 
re;(iuire modifying the combustion temperature by suc>j adjustments as 
retarding the spark, burning a richer mixture, or lowering the ccanpres 
sion ratio. The recycling of exhaust gas vill also acccMplish the 
reduction of nitrogen oxides by reducing the total oxygen in the 

i 

combustion chamber. In this technique about 2^% of the exhaust gas 
is reintroduced into the intake manifold. Engine adjustments vhic-h 
reduce carbon monoxide and nyc?roc?irboa^' IrV b^jrning higher oxygen-to- 
fuel mixture conversely results in increased nitric oxide; production. 
Since there ara no current effective controls for nitrogen oxides, 
these emissions vill continue to increase at the same rate as vehicu'- 
lar travel- 

Current!;:/, new cars are built at the rate of 22,000 per day 
and it is predicted that production will climb in the near future to 
Ul,000 per day, Tlie Automobile Association of America expects that 
by 1905 there vill- be 170 million cars - 60% more than there are 
today/ Put in other terms ^ the human population of ttie United States 
is expected to grow by 58 million by the end of this decade, while 
in the sane time span, the car populatiori will grow by 50 million. By 
the end of the seventies, metropolitan traffic volumes are expected to 
increase; (Some examples: ^05! increase in Pittsburgh, 50^ in Boston^ 
90^ in Detroit, and 100^ in Los Angeles), Current projtictions indi- 
cate that by 1980-1903 the increase in motor vehicle travel will 
counter-act the effects' jf the controls if the internal combustion 
rtngj no iy still In use. 

Fedc-^ral statutes rerjuirinfi: the installation of pollution con- . 
tj'ul devices oji new cars only bind the inanufacburer ; there ii5 :\o 
i\uh*rii\ rt'qui n^mi'Mtl , ttt\ yt^ln, tlutt hifuJ:* lUu ludiviiitjid i^nr ownt;r lo 
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maintain these devices once installed. Some states, like New York, 
New Jerseyj and California,, for example, do have lavs that reqi^ire the 
maintenance of these controls; however, tiJsi w?*ltiiiji^ t/i^^re fire fu - 
'^rfuctive, simple procedures for testing and maintenance. There are 
as yet no laws compelling the installation of these controls, on older 
model . cars , ■ arid it is estimated that it takes from 5-10 years for the 
national car population to be renewed* 

. The estimated cost to the consumer for the installation of the 
various federally required pollution controls is: $l8 per car to meet 
the 1968 standards., $36 per car to meet the l970 standards, and $^8 

. per car to meet the l9Tl standards. These figures are industry estimates 
of the costs that have. been or will be passed on to new car buyers* 

A large part of the problem of cars and their. concomitant 
|.>ollution is the ama7.ing degree to which the automobile has become such 
a part of the fahric of Merican life. Two nationwide surveys conducted^ 
in 1967 posed the question: "The auto pollutes the air, creates traffic, 
demolishes property j and Kills people. Is the contribution the auto 
makes to our way of life worth this?" Four out of five people ciuestioned 

' answered yes ! 

In Los Angeles, a model city for air pollution control, a massive 
reduction in refinery and industrial and .open-burning emissions did not . 
make the city's infamous smog disappear. In fact, it. became, worse. ^ 
Hydrocarbon pollution dropped at first with the controls applied to the 
refineries, but in I96O, there was a noticeable increase^ in this type of" 
pollution. Carbon monoxide in the air kept climbing until today it is 
four times the l^^JO value. When the city began Its attack on the air 
' pollution problem, the ratio uf fjollulioii wau about thuL in llio nal.ioti , 
O MeneraXly; ^O.i from stationary snuroejs and f'OjS from rm>tQi' v*'rii; ; ^^^^ / 
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Eventhough population and industry have^doubled in the intervening * 
years, pollution from stationary sources is now only 10^. The remaining 
90% is attributable to motor vehicles. 

Still' more pollution results from lead introduced through 
production of tires, manufacture of storage batteries, and above all, 
leaded gasoline. Since no technology exists for the removal *of lead 
from automobile emissions, the only possible method of lead control 
currently available would be to reduce or eliminate the amount of It^ad 
'used on. gasoline. Besides the possible effects of lead on human healLh, 
there is also the possibility that leewl iodide in the atmosphttre tan 
produce large-scale weather modification, producing, increased or 
decreased precipitation depending upon meteorological considerations;, 
A major emission from automobiles which affects vegetation is ethylene. 
Growth retardation in plants is achieved at a concentration of 0,0$ ppm 
for several weeks- 

The diesel engine is notorious for the smoke and odor of its 
exhaust, as testified to by anyone who has been behind a diesel "truck 
in traffic. The diesel units , however, only constitute less than 1% 
of ^the U.S. vehicle population. The emissions are deceptive in tovmv, 
of concentrations since the diesel engine operates on large quantiti{;?G 
.of excess air that dilute the products. The major emissions are. 
hydrocarbons and nitrogen oxides in addition to smoke and odor. The 
distinctive odor is caused by aldehydes vhich, althou^ annoying, 
have not been shown to be a hazard. 

When wc contrast various modes of travel (see Fie^uro .35 ) , it. 
intr^rt^sting to riott^ thtii- J«?t aircraft pro<3uce Llic lowrsL :un6unto of 
pollutants in pounds per lOOO seat miley under cruise ope:-*ation. Tho 
j mfi.l 1 CfiL ion LJuit mit^ht he driimx from lliis chIcuIoLlou ii^ hJial the llriitt^d 
^^.I^lati.^f^ could iiK:ri?nni> iLil jiircrnrL flet*!, without, uny '^nvn/ ahoul 1 i u IJ n/. 



the atmosphere, Houever, in 1963, aircraft were ranked sixth in the 
production of carbon monoxide, twelfth in the production of hydrocar-r 
"bons J and negligible in all other areas of pollutants/ lliese figures 
are based on altitudes below 3,000 feet and a sulfur content of D<0?? 
percent for t}ie fuel. It was further assumed that only ^0 percent 
of the total fuel, was consuiaed below an altitude of 3,000 feet. 

The aircraft pollution problem is a localized one, except 
for conjeci:ured weather modification along flight paths. The increased 
air traffic of ^00,000 taite-offs and landings by jet aircraft at New 
York City's airports each year, has , led to serious pollution problems. 
The exhaust of smoke, hydrocarbons, nitrogen oxides, and aldehydes 
are problems that must be faced once again. Aircraft operation at 
JFK International airport produces from 2^k% of the total particulate 
emissions that are measurei. in New York City, At Los Angeles International 
' Airport, traffic has increased from 80 flights to nearly 1000 flightjs 
daily over a 10 year period. Statistically, this raeans that Jet aircraft 
emit almost 80^ as much pollution as power plants during the summer' 
months, or lA as much' particulates as the daily output of ^ million- 
motor vehicles. 

Shock waves generated at supersonic speeds, as uell as the 
.increasing number of planes landing and taking off from large airports 
have created a new health ajad' esthetic problem. Legislation limiting 
regions of supersonic flight is only a partial approach to this problem. 
Still unknown is ^ the effect of sonic beem on the ecology of areac of 
low human population. 

During each hour of flight at cruising altitude, which is 
about 16--22 kilometers in the lover atmosphere, the SST will burn 
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estimated 66 tons of fuel. This fuel constunpt j.on will produce about 
83 tons of water^ T2 tons of carbon dioxide, and approximately H ion:^ 
each of carbon monoxide and nitric oxide. Most meteorologists agree 
that gaseous exhaust produced, other thsLii water, will present i^o special, 
problems, For e^Cample, carbon monoxide wilil be inunedlately ox-jdi?!.nd 
into carbon dioxide hy thy (generally available OH radicul g - The GfiT 
will a,lso release hydrocarbons as veil as sulfur dioxide, which in 
the final analysis, will exist in the atmosphere as highly dispersed 
particulate matter and will form a particle layer at that altitud<>. 

As far as hydrocetrbon particles are concerned," we have a very 
strong suspicion that, due to photochemicetl action at that etltltude, 
they will slowly be oxidized, to carbon dioxide ficA w;itt'r, i.e< , this 
type of particle is not persistent. The Jet fuel contains on the 
average of 0,055^ sulfur, vhich is finally converted into sulfates- 
Assuming a mean residence time for stratospheric aerosol of three years, 
we can calculate that the total amount of sulfate particles coming 
from 500 SST.'s flying/for seven and one-half hours per day would only 
amount to less than one percent of the already existing sulfate pollution 
in the stratosphere (called the Junge Layer). 

. Water is more likely to be a problem because stratospheric water 
concentrations are generally low as the result of condensation in the 
troposphere- If water added directly to the stratoc^phere accumulates, it 
coul'l : 

1. Directly change "the radiation balance of the* earth. 

2. Initiate cloud formation and thus increase the amount of i;olar 
energy reflected, into space, or 

3^ Lead to the decrease of the ozone concentration of the 

;rtratOiJi:>here tl)or(.*by al lDw:|ng more u I l;rnsr1 olct. racJiati on to 



r^acb the eJLU"th*s surface. 

If oria again attmi^iQes 500 SGT*s flyir^ each day and a mean 
reeideiica time for water vapor of one aTxd one-half years ^ and that 
niQSt fligiits will be in a hand, from ^5^ norths calculation shows 
that water vapor in this limited rogion vo\ild increase from 3 parts 
per million to 5 parts per million. With added water, corresponding 
to projected flights of stratofjpheric aircraft as mentioned above, 
the ozone, colmiin may diuj'nish by 3*6 percei^t^ the transmitted solar 
powtiir may increase by 0.07 p(^rcent, anci the surface temperature may 
rise by- O.Ol^^ Kelvin in tiie northern hemisphere. Temperatures in the- 
lower stratosphere remain essentially unchanged. Even ' an increase of 
10* parts per million of vater vapor concentrations, would have little 
effect on ossone concentration* Thi^ means the shielding effect of the 
ozone for ultraviolet radiation reaching ground l^ivel will not be 
greatly disturbed. ' _„__^ 

The question of whether clouds form in certain regions of the 
stratosphere could probably be ans^fered by direct observation. In the 
1950* s, bheoretica]. work and observations of military aircraft provided 
much inforaation about conditions neceesaiy for cloud forraation. It 
has been concluded on the basis of these studies that the few clouds 
formed In proposed SST flight bands would produce no serious climatic 
changes. In 9S% of all projected SST flights, the formation of condensa- 
tion trails from meteorological rea;son5 is not possible. There are, 
however^ extremely cold areas, at an altitude of about 17 kilometers in 
the troposphere, high above the Arctic and the Antarctic, that are 
thought to be saturated* Because of the saturation, these are potential 
cloud- forming areas ^ but no predictions can be made on the basis of . 
our present knowledge since precise Information on humidity in not, 
available • ^ 



In summary, it would appear that the pollution and the 
resulting effects froci supersonic transport in the stratosphere is 
less severe than originally thought. However, the effect of large 
numbers of aircraft at high altitudes can best be answered by makint; 
flights through the proposed region and taking data. Only in this 
way can accurate and meaningful theoretical work be carried out. 

At this time, the elimination of the supersonic transport on 
the basis of stratospheric pollution alone is not justifiable. More, 
detailed information is needed concerning the flight path, sonic boom 
danger, , length of time . subsonic , and number of flights per year. 

Service Industries 
, Continued urbanization^ and industrial growth seem certain 
produce strip cities of the future. Existing urbajn complexes have 
already been named BOSWASH, CHIPITTS, and SMSM. The other areas to 
be named are the Mobile-Jacksonville-Miami strip and the San Antonio- ■ 
bal.las-Galveston-New Orleans strip. These latter two strips may finally 
merge into one super strip city. To survive, these congested areas 
are supplied by service industries* In order to evaluate some of the 
pollution potential of service industries for these strip cities, it 
soem3 appropriate to consider the effects of service industries on 
TJew York City, These effects will surely be the" mi/nimum for the strip 
city. In Hay, 1966, a report on air pollution sources in New, York 
City released the following: 

a. There are eleven municipal refuse-disposal statlom^ with 
fortif-Suvcn furnaces and oiiioke iJtfu:ks/ 

b, Public houiiing, privatt^ apartment licmsi:*^, and officf^ _ 
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c. Approximately 13,000 public eating establisliments emit 
smoke euid odor at street level. 

d. Fuel oil is employed by approximately 600,000 single- 
double occupancy private dwellings for heating furnaces* 

. e. The city records the operations of over twenty, thousand 
steamships in Hew York Harbor each year* 
. f , Solvent evaporation from dry cleaning is equivalent to 
2^ tons per day; surface coating - 350 tons per day; and 
from all others, I76 tons per day. A large percentage of 
the "etll others" category probal>ly is evaporation of dyet; 
and solvents from the printing industry* This is known 
ti: be one of the largest polluters of water, and probably 
etlso of air. 

Incinerators have traditionally been established as far away - 
from inhabited areas as is feasible because of their offensiveness 
to the optical and olfactory senses. The imp leas ant ness is two-fold. 
First, incinerator design has been an unrewarding act for engineers 
and municipetl officieils^ euid secondly, no philanthropist wants ^ 
incinerator dedicated to him; at least publicly he doesn't. Most of 
the pollution problems ariae from inefficient operation. For example, 
few", if any, incinerating plants employ dust collection .devices. 

The construction of tall apartment buildings to heuidle the 
concentrations of population has led to the installation of centretl 
basement incinerators. The reuidom feeding- and intermittent burning 
has long since been a source of odor. The development of suitable 
containers for storage before treuisport to municipal incinerators may 
be a solution to apartment incineration. 

The use of organic fuels for heating furnaces produces t'ue 



usual smoke and gaseous pollutant pro^blems,^ The variability of flue 
height produces a peculiar problem; the effluent from building A m^iy 
become the *'fresh air" for building B. The effect, of space heating 
on the quality of air is greater than would be indicated by the total 
amount of effluent from this source. Low altitude emission also merins 
thut the source is^ doner to street level where atmospheric mixing 
produced by the building can bring the pollutant down to the ground. 
The major probJ.em is to find an effective means to control thousandEi 
of multiple sources rather than a few large sources. 

New York City has attempted to control its multiple sources by 
upgrading the older incinerators, by controlling the. sulfur content ^ 
of all fuels, by allowing no inci:ii:?rators- to be installec) in newly 
constructed buildings, by prohibiting all open burning within city, 
limits, and by upgrading and using only muni<;ipa.l incinerators. 
Hiese efforlis have resulted In an estimated co^t of 12 rall^llon do^J.arr, 
t.o upgrade the municipal incinerators. Howevt^r, no warranty exlstetJ 
for the equipment that was to be installed- Following these efforts, 
apartment owners brought suit against the city charging that the changes 
required vere, unconstitutional and imposed unreasonablt:? hardship on the 
landlord- This litigation has stalled the ' renovation program. It is 
estimated tbtit to clean tlie air in Hew York City will cost about ^oOO 
niLllion by 197^^, a figure wliich equals the-? estiinater^ ,1971 total e^pc^n^ 
diture for the entire United States. 

Similarly, the restaurants represent a problem of multiple 
Lim'jLll oourcos of . emission, Prol^ably an efficient, lov;-cost ab.sorptiotj 
unit for odors would Guffice. ^ Filters could oTfectiveiy coilrtct t.irv'.i.^:f: 
tmt} particles, . ' ' - - 

decontrol the smoke and gases from stoarnsiiipc; jnay be vui^y 



difficulty since this would, retjuire international cooperation. A 
solution might he the establishment. of new ports of entry far removed 
from urban areas with rapid transit hauling goods and people between 
urban areas and the ports. Since most natural harbors are already 
occupied^ this would pose unusual problems. 

It is hard to estimate the total air pol.ViJtioJi froni Ulic spil- 
'^tLiy and sabseq^uent evaporation of gasoline and fuel oils by service 
^stations^ delivery trucks, and by the transfer* of fuel to building 
storage tanks, Iflationally this type of problem will contribute to 
some degree to the overall background pollution. 

There is no. difference between constituent airborne particles 
found in urban and rural air except that rural concentrations are two 
to twenty times letss than urban concentrations. 

F- Governmental Activities 

The pursuit of ' national security and, world political power has 
led and still does lead many. nations to the atmospheric testing of 
nuclear weapons. The biological effescts of radioactive pollution arc 
difficult to detect since they may be masked by other forms of pollution. 
However, we know that a material damage can result from radioactive 
pollution and a definite health hazard (Joes* in fact ^ exist. The 
radioactivity forced into the stratosphere exists for a long time and 
cannot be made harmless by any known means, llie tropospheric fallout, 
occurs within a few weeks and contains a large amount of short-lived 
nuclides such as iodine-l3l< 

The important radioactive elements are strontium-90 and Oy, 
beta emitters; cesium-137 , a beta and gamma emitter;, carbon-lit, a 
beta and gamma emitter, Strontium*90 is chemically similar to calcium 
and passes through, the food chain, from the plant to man^ being deponHed 



in man's skeleton. The principle effect is the increased incidence 
of T^kone cancer and leukemia. Cesium concentrates in soft tissues 
resulting in internal whole-body irradiation, but it does not btjconie 
.fixed in. the body, , It represents primarily a genetic ha7.ard through 
Irradiation of gonadal tissue- 

Caxbon-lit is produced from the capture of neutrons by 
atmospheric nitrogen. This process occurs naturally in the upper atmo- 
sphere, or as a result ' of neutron, release in weapons testing. Carbori- 
1*4 has. increased approximately 30% since the inception of weapons testing; 

hovever, the whole-body dose from ingested C^lk is estimated at lessr 

■ ■ ' . ■ -■ ] 

than one millirad per year, The greatest hazard probably lies in 

genetic damage which can occur if the isotope becoraess incorporated in 

the genetic material of the body^ 

Iodine-l31 illustrates - an effect characteristic of many air 

and water pollutants^ Inhalation of radioactive iodine has little . 

deleterious effect on the individual because of the. isotope's short 

half-life and low concentration ; however, the isotope . deposits on 

foliage consumed by animals such as the dairy cow, which forages over 

, wide areas. Consequently, iodine-].3l concentrates in the cow and 

its milk, Milk-drinklhg adults and children show marked dncrf^a-ses in 

1-131 in the thyroid gland over persons who were expo&efi to the sfjume 

environment but drank no milk. 

Radioactive material oaii be absorbed in various ways. It may 

inhaled on dust to pemit easy passage to the blood stream nnd then, 

to. a vital organ. The finer particles vill^remain in the }.ungr> fur 

some^ tiiiife , irradiating nei^^hboring tissue witli enough energy to pruduco, 

damage. Some of the particles are swallowed and enter the gastro-ijitii^'^tina.l - 

raut, buL radioactive particles absorbed via vAie fotad ciiiiln , ^j:; ij: ' ^ ^ 
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case of radioactive. Iodine , are more important. 

Various other guvt^nimeTital activities, local, stat^: , arid 
,rt:doriil, contribute to some degree lo the overalJ. pollutiou ]>rohlc;n* 
The establishment of power-generating stations, for rura] electrification, 
^jspeeially where fotssil fuels are tlie principle energy sources, have 
led to air quality problems. Recent problems in the southwestern 
st+c-tor of the United states arei an example. Governmental assistance 
in urbaii redevelopment and road construction have ltd to local pollutirjii 
problems- It seems that no long-ronge planning or methods have been 
instituted to control air pollution^ TJie use of modular cotit;truction 
of buildings , and the use of . demolition techniques , which consider min^-- 
mizing -pollution , have been by-passed in our hurry to rectify ;long-- 
^standing problems at minimal costs^ 

The major function of any government agency in the area of air 
pollution is the enactment, promulgation, and enforcement of effective 
control legislation^ The Clean Air Act of 1967 establishes air quality 
control regions. These regions, 91 in 'number, may be ei ther single or 
^multistate, depending on the particular local problt>m3, ^Within these 
' regions the states may set standards for pollution levels for the various 
desigijated pollutants. If local standards are not eaacted , the federal 
government is empowered to impose standards^ These standards are'then 
reviewed by HEW, Most states have established agencies either as separate 
entities or. under state ^health departments • The designated state agency 
then conducts hearings where interested individuals may preseat their 
briefs. - Out of these heaxifigs come the legislation which is passed on 
to the secretary of HW and lUPA which' must then pass .judgment on the - 
proposed standards. Next the pl'ans .of imrplementation must be formulated 
by the appropriate .state agency. It i?hould be -noted that the jstandardfj 
are set for atmospheric concentration's in the lov/er level of the 



troposx-there J and the state agency, in order to enforce the regulation, 
nt\\^''o search out arid prove the violation of tlie standards is caus<?(3 by 
specific sources. It vould be preferable to set standards at the source, 
rat}ier than set standards of air quality. Under this procedure it 
v/ould be th^ responsibility of the source to maintain its emission 
level in conformity with the standards. However, since sources of 
Llie s^m*^ typii occui* In more than one state j such local lo^i^rlatiori 
jsll^ht Irrtid to an economic imbalance across the nation for a given 
industry. , Federa3.. sanctions throughout the nation on .tndlJ^^trLal emif:;- 
sions would he an obvious solution, with individual states :;titting 
standards for sources that are entirely within their boundaries* 

A. brief insert is included on the following two pages- to 
survey the history of federal legislation on air pollution, legis.l ui. 
ber:}:nn.r|uoivS T.cT controlling, air pollution, and . suggested economic meani^ 
to control industrial air pollution/ 

Dangerous levels of air pollutants can be reacliett at certain 
times which ma^ require officials to shut down their cities. The public 
must face the realization that we have to live with darigerous episodes 
that" can ho<^ italize or kill human beings. However, considerable? rr^^ 
luctance to the utlli.zation of emergency po'rfers has been shovm by public 
pffieials in recent air pollution emergencies, in the major cities. 
An effort must be made to alert the voting public to the dangers of an , 
^ir pollution episode. 

An interesting aspect of the environmental pollution awareness 
In our society has been the desiro of aroused citizens to .take offenders 
into court. . Legal action has been an effective method for the preven- 
tion of the coniStructioh of power plants and industry wh(?re environmental 
damage is feared* In many "cases , however, the problem may not be solveo 
by. siiiiply chasing the corporation away since the public may de/nc^n-.! 
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Federal Legislation 

.'■1 ■ ; .\ - 

Air .Pollution Control Act of 1955 

a. Provided a small program of research and technical, 
assistance to local control:.6istricts. 

b. Established the basic policy which assigned primary ■ 
responsibility for air pollution .control to the lo- 
cal mid state level. 

Clean Air Act of 1963 - " 

B.. Provided financial assistance for develojpmeiTft " of state 

and local air pollution control programs. 
1?. Called for national standards for motor vehicle 

emissions Cl9^>5 Amineridments ) . 
■ c. Called for maintenance grants to finance state and 
local air pollution control programs. 

Air Quality Act of 1967 ' ^ 

a- Called for states to. set air pollution standards on a 
regional basis with local enforcement of standards. 

b. Strengthened powers of local, state, and federal 
control agencies. 

c. Required that HE\^ publish air quality criteria for 
pollutants harmful to health andvelfare. Criteria 
provided states with iuforrnation tor use, in develop- 
ing air quality standaras. * 

d. Designated HEW as agency to set air quality regions. 

e. Governor'of the states given 90 days to signify 
intent to set air quality standards - 

f. States given l80 days to hold public hearings' and' * 
adopt standards, and an additional l80 days to adopt 
plans and schedules for implementation and enforce- 
ment - 

g. HEW^designated to review and approve standards- 
Air Quality Act of 1970 

a. . Calls for reduction of 1975 automobile exhaust 

. emission to levels at least 90^ lower than 1970 
standards. " - 

b. Establishment of national air quality standards for 
six pollutants Vas annoonced under the Act on April 
30, 1970. 

Pollutant ■ ' Limits 

0.03 ppm 3 
260 micrograms/meter /2k hr. 
9 ppm/8 hr. or 35 ppm/lir. 
Oi08 ppm/hr. 
0*2i* ppm/3 hrs. 
0*05 ppm 



Sulfur dioxide^ ^ 
Particulates 
Carbon moaoxido 
Photochemical oxidants 
Hydrocarbons 
Nitrogon^ oxlclr^' 



Implementation plaiis for all federal air quality 
regions must be completed by July 1, 1972. 
Target date for achievement of ambient air standai'ds 
set at July 1, 1975- 

Environmental Protection Agency authorisied to act in. 
those "cases where an inimincnt ^threat to health is 
.shown d-uring period preceding completion of state 
plans. 



the services whic'n it sux)plies.. Alternatives to the need for a 
prodacb or service wiin require the. marshalling, of scientific ainl 
technical expert witnesses,* There is the danger that, if a case Hliould- 
hc decided in favor of the defendant, other memhers of the public; wovil i 
bo barred from suing on the same grounds • 

The grounds upon which a court may aJ.low a case to be tried 
J.5 the doctrine of '^standing/' Under this doctrine, the plaijitiff 
'„,'.;t :f.y.vv i^t. harm vjJiich is nol luiffcn-ed rjqually by everyone f;lse in 
order to obtain "stimciing to sue»^' Recently, standing has been allowed 
to plaintiffs alleging that the "scenic values of their propeirty wouJ<i 
be chaLnged. by the construction- of industrial facilities near thcjir 
Glomes. An effective strategy is the addition of an established 
organlzatiun to the plaintiff "group. Once the problem of standing ii^ 
surmounted thero are other legal questions that can deny the plaintiff 
court proceedings , but standing is the first obstacle, that must be 
overcQiae to bring a case before the, courts* 

G. Community Activities . ' 

.Contrary to popular belief, most air pollution is not i^roduced 
liy industrial sources, but rather, nonrindustria]. activities. For 
exainx:)le, in a survey of air pollution in Nassau County, New YorK, it - 
was found that of the 275,000 tons of air contaminants emitted oach ;'oar, 
industry contributed only 23^2 of the total contamination, Ttie other 1% 
was found to be from domestic and commercial - heatinti, auto and truck 
transportation, and refuse burning (Air Pollution in Nassau County," 
published by.TJew York State Air Pollution Control Board, 1966)* Included 
among the community problems that this report acknowledged were : use of 
reE?idual heating fuels , without properly installed, maintained, and 
operated equipment ; ^ poorly designed and inadequaturly maintained Inoiner- 
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ation facilities , as found in apartments, schools, and supermarkets; 
open bxirninfi pf trash, leaves, refuse, and othei* materials, where 
etltemate methods such, as compositing, would be suitable; improperly 
maintained or operated cars, buses, and trucks; antiq^uated heating 
systems;, and dust and particulate emissions from building construction 
activity • 

The number of, established acute air pollution epis^odes indicates 
that the air q^uality of a community can, under the appropriate 
meteorological conditions, deteriorate to a point where damage to 
the heetlth of citizens results* These conditions apu the effects of 
air pollution are usually only appreciated after the episode; pre*^ 
episode protective measures are rarely taken* The episodes of the 
Meuse Valley in 1930, T)onora in 19^8, Poza Bica in 1950, London, in 
1952, 1959, and 1962, Wev York, 1953, 1962, and 1966, New Orleans, 
in 1955, and Minneapolis in 1956, have clearly shown that some controls 
must be instituted to protect human lives, and if not to eliminate, 
at least to minimize the effects of the episode. Since 1952, valid 
measurements have been made during episodes • Also, a federal high 
air polliiticn potential forecast system (currently termed HAPP) has 
been instituted with information being disseminated by the U.S. Weather 
Bureau, , * 

Besides related deaths and increased respiratory irritation during 
.the episode, the Donora residents affected by the 19^8 incident have 
shown less favorable medical histories than persons that were not 
affected. There are at least two possible reasons for this; The 
exposure had long-term effects, or these people would have had a less 
favorable history anyway. Evidence is not concliisive on this point. 



Maiiy metropolitan areas are faced with increasing ajnoiuits of 

refuse and fewer aiid fewer landfill sites at greater and greater 
, distances from collection points; As a result, greater reliance has 
been placed on central incineration. Since complete combustion rai^ely 
occurs, soot, smoke, hvdrocarbons , aldehydes, sulfur oxides , hydrogen 
cliloride^ and nitrogen oxides are added to the air< Theoretically, it is 
poss.ibJ.e to capture all solid materials prodjaced in duct collectors and 
to have complete combustion; however, even undct* ideal conditions, 
comWstion produces local imbalfuices of easeous poLlutants. 

One example. of desirable municipal incineration is operated by 
the community of Oceanside, New York, This * incinerator burns garbage 
■ to produce steam and electricity and to produce fresh water from" the 
nearby saltwater-' The refuse of a half million people is incinerated 
to produce 3,000 kilowatt hours of electricity, steam, heat, and it60,000 
gallons of fresh water per day. The plant is equipped with a cyclone- 
type control to remove soot, ash, and cbemicetls .from stack exhausts. In 
addition, the salt-free water it produces is used in scrubbers which 
clean the smoke from the plant. ' - ^ 

One activity of the construction industry that has contributed to air 
pollution is the demolition of thousands of buildings to make way for urban 
renewal and highways- Much of the refuse produced from this is burned on 
the site with resultant addition of contaminants to the air< In December, 
1965, New York City prohibited open burning of this waste lumber. 

Before the ordinance went into effect on Jai-.aai'y 1, 1966, four city 
burning Elites had accepted an average of ^85 truckloads of demolition 
wastes per week* Under the regulation, wrecking contractors were reQulrcd 
to cut the wuste lumber into thrcfj- foot sections and pack it solidly to 
eliminate holes where fares could start and rats could live in the 
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sanitary landfill sites. In the first week following the ban, only 331 
trucltloads of debris vere hauled to landfill sites. Building sites 
throughout the city became small mountains of splintering lumber. A 
spokesman for the Building Trades Employees Association expressed the 
bitterness of the wreckers who were hurt by the city's actions: "It . 
seems they singled out this industry* Everyone can see that the air 
pollution lumber creates is infinitesimal compared to other sources/* 
(Henry Sill, The Dirty Animal , p* M)* His comment is typical of every 
company and every individual v;ho is against pollution of all kinds, but 
resists aiiy controls on his particular activitief;* 

The disposal of solid waste, which amounts to about 5*5 poxmds pei* 
capita per day in the United States and may, in fact, be as high as 10 
pounds per capita per day, represents a problem because of the method of 
disposal* In 1968, 367 million tons of solid waste were disposed of in 
the United States* Approximately 50^ was disposed of by municipal 
incineration, on-site incineration, open dump burning, and vigvam burners* 
The on-site incineration and open dump burning accounted for more than 
705E of all disposal by burning* It is very difficult to control such a 
large number of point sources* . 

Urban planning, if possible, should consider the location of 
industrietl and municipal sources of air pollution as well as economic 
factors* Zoning can lead to dilution, of emissions and reduction of the 
potential for a pollution, incident. The downwind side of the urban are^ 
is the logical 2one for air pollution sources* Attention should be paid 
at the same time to placement of the plant in locations of minimal down- 
wind population* In the case of service industries, central locations 
dictate more stringent control* Air pollution is less a problem of 
urban congestion than of urban spravl, which, itself, intensifies the 
problem by requiring aii incJrrease in transportation, by elijjdn^Al^'c* of - 
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potential downvind locations, and hy creating the need for new pollution 
control zones which could require movement of established indufitric^f; . 
AIgo^, urban sprawl incrtsases the number and decreases the siz.e of 
comhustion sources eis well as increasing the number of mmiicipal 
governments that must be coordinated* Increasingly, walking, bicycling, 
and public transit have becono less effective means of transportation 
within ail urban sprawl. 

The use of proper insulation materials', if large expanses of 
glass are to be used in northern latitudes, and the use of roof over- 
hang in southern latitudes, can greatly, reduce the space heating and 
cooling requirements of a community • Gas burning is usually found to 
produce the minimum of air pollution. The limited amount of this 
resource and the expense of piping or transportation limit its use. 
Electrical heating of a home or building produces no direct air pollu- 
tion, but does require increased output from power plants and the 
resulting air pollution from consumption of fossil fuels. 

Bans on open burning of duirtps are imposed eventhough methods 
exist for providing relatively clean exhaust gas. . Primarily, this ban 
was instituted because the problem of fly ash emission from open 
burninghas nof been overcome. Domestic backyard incinerators have 
given way to trash removal. and landfill sites. The problem of the 
tajtpaying person who love^' to burn leaves because the amoke smella . 
nice stlll rem^iins , eventhough open t>urning has been banned in 
many states- Some pollution results from the open fireplace 
burning of coal and wood. In England, this type of burning is a 
major contributor to urban air pollution, 

Recreational Activities 
. ' Induatrial man has an average life expectancy of TO years* He 
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'has gained an extra 20 years of life since l900, with a commensurate 
potentietl increase in. leisure time. In fact, his totetl leisure time 
is approximately equivalent to the average life expectancy of primitive 
jnan (see Figure iQ). * 

This increased "free time"; has led to the very rapid increase in 
recreationetl areas: parks, golf courses, beaches, ski resorts, etc. 
The location of these sites is limited by available land, clean vater, 
and adequate snowfall. Usually, these facilities are far. removed from 
the:habitats of the potentietl usersi The. problem of transportation to 
the fMilities, and the pollution generated by this transportation add 
to the problems which have edready been explored. Rapid mass transit, 
in place of individuetl autos^ could l)e one solution. Multiple facilities 
have been constructed to extend the recreationetl use to almost a full- 
year. A possible solution, where climatologically possible, would be 
continued construction of resort areas near cities in order, to use 
Operating public and private conveyance. The construction of hills, 
using solid waste, and the creation of artificietl swimming areas have 
already been tried. If these synthetic areas take on an artificietl' 
Christmas tree look » will our aesthetic senses accept, this ersatz 
facility? ' , . ' 

The number of people engorging in leisure and recreational activities 
has demanded that industry produce more products for these areas. Industry, 
therefore, considers new, cheaper, and more efficient methods of producing 
and improving its products. There has been an increased use of synthetics, 
some of which derive from materials that used to iDe thrown out because 
there wa§ no use- for them. We are now entering areas where ro one knows 
the consequences of some of the processes being used in terms of potentieJL 
sources df air pollution. . * 

The American society lives with a paradox: thcj der^lrc* tr go Lfick lo 
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and get. out in nature while dragging with it etll the industrial, 
paraphernalia. Roads must be cut through nat-ionsil parks in order 
to provide access for canrping trailers , mobile homes, and the large 
numbers of people that have taken up camping. There is apparently 
something beneficial to just being outdoors uxider an open sky and so 
we construct stadiums where people can sit and watch. We proinote 
electric golf carts and snow mobiles, neglecting the beneficial aspects L 
of exercise. In Yellowstone National Park, increased particulate 
counts have been noted since the introduction of snow mobiles to the 
area, How long will an area remain clean and natural before. our pursuit 
of recreational and leisure activities leads to its pollution? How 
inany areas have requested the institution of walking, bicycling, and. 
riding trails? 

Summary. 

Man's contribution to pollution of the atmosphere . is a, product of 
several factors, all of which must be considered if the situation is to 
be alleviated, Primary^ among these factors is gross population. But 
population as a contri"buting factor must be considered in terms of the 
psychological, social., and economic factors, which cause it to cluster 
in complex xirban societies* Intricate technological societies place 
increased demand on our resources and produce increasing quantities of 
wasteis- The waste products from energy release are particular problems 
in the area of air pollution. In part, the solution may be found, at 
least on a short-term "basis, in the utilization of cleaner energy sources 
Ultimately , the, solution seems to lie in a reordering of social structure- 

a process which has occurred historically as a gradual response to 

increased environmental pressures 



IV Student Oriented Activities 

We hare divided the activities into five sections. Section A 
deals primarily with tne construction of f iii5>le instrumentation to be 
used in the pro.)ect3 suggested in section fi or in investigations 
evolved hy the user. It should be noted by the teacher that the ex- 
ercises in B, C, D, £ are neither exhaustive in their scope nor sac- 
rosanct in their methodology. They are designed to be suggestive of 
activities that may be undertaken by individuals and/or classes and 
©ay he refined, adapted or restructured to fit the needs of a particular 
clas3, locale or student. It is the hope of authors that once started 
the student might orif:inate ^is ovn area of investigation snd experi- 
menteil design. 

IThe social science activities and humanities activities are 
rather unique for a manual of this type. All have been used in various 
classes, grades seven through twelve — again never exactly in the same 
fashion on two different occasions. We have included some other activ-*. 
ities in section £. Some of these activities such as the air sampling 
project are new but have been used widely. Except in instances where 
a particular exercise was needed to coiq^lete the development of an 
investigation, we have avoided the inclusion of exercises already in 
print. Credit is given in the text in cases of adaptation of published 
or unpublished exercises. A list of other manuals of this type which 
you j?hould obtain follows: 

. Hunter* Donald C. and Wohlens* H. Air Pollution Experiments 
for Junior and Senior High School Science Classes, 1968. Air 
Pollution Control Afipociation, UkO Fifth Avenue^ Pittsburgh^ 
Penna. 15213 

Soporovski^ J.J. (Editor) Air Pollution Experinents^ 1967. Collej^e 
of Agriculture and Environaental Science^ Rutgers Itaiversity, 
New Brunswick, H.J. 08903 

]4yons» Yolande (Editor) Experiments for the Science ClassrooE 
Based on Air Pollution Problems » 1962. Departnent of Public 
Health, State of California, 215 Berkeley Way» Berkeley, Cal. 

Weaver^ Elbert C. (Editor) Scientific Experinients in Environmental 
Pollution, 1968. Holt» Einehart and Winston 

Air Pollution Study Program Manual, 1970. Eduquip Inc. 

1220 Adams St.» Boston, Mass. C212^ 
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HeasurementB > Data Collection and Iiiatinisent Construction 

1* Wind direction indicator 

2. Anemometer 

3. Hair E^grometer 
Rain Gauge 

5. Photocell - milliameter radiation detector 

6. Air Puoqp C&libartlon 

7. Electroscope - environfliental chamber 
6. LouTered shelter 

9. ^Aog Box 

10. Cold Chamber 

11* ^^udlometer 

12* Condensation nuclei counter 

13. Acoustical Particle counter 

ll*. Diagrams of home-made weather Inatnments 

15. Diagrams of photoelectric cell and sound level meter 
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A--]. Wind Direction Indicator 



I. Introduction 

The wind direction (the direction from. i*hich the wind blows) can 
be sensed by smoke drifts* flags* and a wind vane. The wind 
vane is designed to point in the direction from which the wind is 
bloving; i.e. if the vane points l!f.E.> it is a N.E. wind. 

II. Objectives 

1. To determine the local pollution movement patterns through 
the atmosphere le^E^ pollen, gases^ particles) 

2. To correlate wind direction /ith pollutant trends from foil 
studies 

III. Materials 

glue* nails > glass beads* 1/2 inch dowel rod - 18 inches long* 
support stick - 5 feet long, two pieces of tin-can metal U inches 
X 7 1/2 inches* arrow tip from tin-can metal 2 1/2 inches x 
U 1/2 inches and a piece of tin-can meta]. 1/2 inch x U inches . 
long and a coinpass (see A-lU: A-1 diagram) 

IV. Procedure 

Slot ends of dowel rod. Nail arrow tip to one end and both 
7 1/2 inch X inch pieces to the other end. Spread feather 
end so that the two sheets are three inches apart and secure by 
bending the 1/2 inch x h inch piece of metal and glue. Balance 
vane on Itnife edge and drill hole through the dowel rod at tbe 
balance point. Insert loosely fitting nail through dowel, then 
glass bead and hammer into stand rod. (fount the compass on the 
base of the stand and by sighting read the wind direction. 
Galvanized sheet laetaj. will not work. If tin^can metal is not 
available* alusnlcum flashing will work very well. 
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A-2 Anemoaeter 



I. Introduction 

The irlnd speed at a given location can be estimated iYom the 
Beaufort scale (Appendix F-l) or an anemometer can be made and 
calibrated. 



II. Objectives 

1. To determine the wind patterns in a particular geographic 
area 

2. To determine the distance particulates have traveled. 



Ill, Materials 

three al^aEllnum ftmnela 2 1/2 inches vide, three 3/l6 inch dovel 
rods - 7 inches long» one plastic pen cap» metal lid frca ink 
bottle or olive Jar> nail, metal washer - 3/a inch liiameter^ 
glue, flat black paint and three pieces of tin-can metal 2 1/2 
inches x 5 inches for a high speed anemometer (see A-lU: A-2 
for diagram) 



IV, . Procedure 

The funnel spouts are cut off and the ends are cut-bent over and 
sealed vith^ solder. Drill 3/l6 inch holes in the funnel rim and 
push dovel rod through ^d glue.- Trisect the metal lid and drill 
three 3/l6 inch holes in the rim. Insert dovel rod until a 
total length of 7 inches exists fttm center of cap to edge of 
funnel. Cdrill hole in canter of cap to Just fit the pen cap. 
Push pen cap through lid and between dowel rods. The washer is 
glued to the dowel rods and pen cap* The hole of the washer 
should be in line with the pen cap. A three inch nail sharpened 
at both ends is used to support the apparatus. One end pounded 
into the support and then file the other end into a sharp point. 
For a high speed anemometer use the'tin-cah metal instead of the 
funnels. 

Calibrate by attaching it to a broomstick and drive in an auto- 
mobile at various speeds and count the revolutions per minute at / 
each speedometer reading and graph EIPM vs MPH for easy reference 
and conversion* ; 
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^ A<*3 Hair Eygrometer 



I. Introduction 

Water vapor In the atmoBphere is en Inportant variable that is 
necessaiy for the production of precipitation. The ratio of 
the amount of water vapor actueilly present in the atnioaphere 
to the antount of water vapor that the aaturaturated atieosphere 
could hold ia Jini^vn as the relative humidity^ A useful, instru- 
ment for measuring relative humidity ia a hair hygrometer. 

II. Objectives . 

1. To determine the relative humidd^ty of the atmbaphere. 

III. Materials 

empty 1/2 gallon milk carton, glue^ blond hair> broom atrav, 
sewing needle, ruled paper for acale and washer (see A-l^i: 
A-3 for diagram) 



IV. Procedure - 

Cut one side out of the carton and glue end of blond hair to 
the bottom of carton (see A-lU], Cut flaps in next side of 
the carton and insert sewing needle through the bent out flaps. 
Wrap the hair twice around the needle and glue the hair to 
the washer. Push the sharpened end of the broom straw through 
the eye of the- needle^ Paste the ruled paper on the carton 
behind the broom straw. Calibrate tjkie ruled paper by c<»!ipar- 
ison to a sling psychrometer or other available hygrometer. 
Instead of waiting for wide yariaticms of relative hxunldity 
to occur in the clasBroom, it would be better to take the 
hygrometer to various' locations that would exhibit different 
humidities during a laboratory period. 
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A-lt Rain Gauge 



I. Introdaction 

Any cylindrical can may be used to catch precipitation; however, 
to determine the rainfall to the nearest 1/100 of an Inch, it is 
necessary to ttagnify the depth of the raib catch. This ia done 
by use of some devise auch as the plastic rain table or metal 
can rain garage. 

II. Objectives 

"^r. To determine the effectiveness of rain or snov scavenging 
in removing atmospheric pollutanta 

2. To study precipitation patterns 



III. Materials 

two large Juice cans, 1 inch thick atyrofoam - cut in a circle 
to fit inside the can, 5 inch diameter plastic funnel, glue* 
and shielding material 



IV. Procedure 

Cut both ends out of one can and one end from the second. 
Soider or epoxy the two cans together. Insert fijumel into 
styrofoaa and place styrofoam into opening. Glue shield mate-r 
rial to rim of funnel and to sufficient height to extend 
beyond the can opening. Mount the finished gauge on a platform 
with yooden stick extending above the platform halfway up the 
rain gauge. Tie rain gauge to the stick. The apparatus should 
be placed aa far away from any objects as. the objects are high. 
In order to measure the precipitation, the water collected is 
poured into axiy other can of much smaller diameter called the 
measuirlng tube. Precipitation is calculated according to the 
following relationship: 

P«sH(d/D)^ where P-flepth of precipitation 

ds^inner diameter of measuring tube 
Dsinner diameter of funnel top 
fi»height measured in the measuring tube 

Snow fall is collected In any open can but Of larger diameter. 
Two cans f7r<m ccomercial foods can be used or remove the funnel from 
the rain gauge. Melt the snow by adding a known depth of warm 
water and subtract from the resulting measured value. 
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Instead of making the suggested rain gauge > the plastic rain 
table In the following diagram could he constructed. This 
would serve for l>oth the collection of rain and snow. If both 
are constructed^ it would then be possible to ccorpare the two 
instruments ^ 3-ain gauges. 
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A-5 Fhotocfell ^ Milllaaetgr RadiatloD Detector 



I* Introduction 

Id many cases ^ radiation from a source can be used as an indirect 
indicator of the amount of pollution in the atmosphere . 



II. Objectives 

1. To measure radiation coming from sky on gross boeia 
2* To measure radiation reflect' or scattered from various 
pollution materietls 
3* To study cloud cover 



HI. Materials 

vatcti glass, block of vood, bell wire^ binding post and photo- 
electric cell 

■ . ■ I " ■ , ■ ..' ■ ■ - . ■ ■ 

IV. Procedure 

The photo electric cell may be enclosed in an inverted watch 
glass on a block of vood with the two wires led out to binding 
posts (see A-15 for diagram) 

The photo electric eell may be connected to a continuous recorder 
such as a Rustrak Recorder and placed outside a wiodov or on a 
roof and a continuous record of changes in radiation levels miay 
be kept for a period of time. These results may then be corre- 
lated with other observations and data collected to identify ; 
trenda in cloud cover and pollution levels. , 

. ' ' - 'J 

To calibrate the instrument vyou need a light source which pro- 
duces a parallel beam of light, a slit aperture which emits only 
a narrow bundle of rays and a wooden box to hold samples verti- 
cally. Place a piece of shiny white paper in the holder and let 
the reflected light impinge upon the photo cell. Use any appro-* 
priate electrical meaeuring device of adequate sensitivity such 
as a dc. milliameter. Use a sample of black crepe paper or 
velvet to give a zero reading* The calibration should be carried 
out in the dark if a zero value is to be assximed. A graph of 
voltage versus intensity can then be made to calibrate the photo 
cell. Assign maximum veilue of 100 and use a linear sceile. 

*A photo light meter calibrated in foot candles may be substituted 
for the photo cell. However, the student then does, hot have the 
- opportunity to build and calibrate an instrument that he may use 
to measure vith. 
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A-6 Air Pump Calibration* 

I. iQtroductloD 

You vlil need to calibrate a vacuiM pump before using the puBq> 
to draw air throttgb a sampling device . This calibration vUl 
allow you to describe your data per unit YoluBke* A flow rate 
meter can be used for this purpose or the folloulng procedure. 



II. Objectives 

1. To gather air samples for qualitative ond quantitative study 

2. To teach calibration of an instrument 



IH. Materials 

two gallon Jugs* vacuum pump* stop watch* -rubber tubing* glass 
tubing and water 



IV. Procedure 

Use two gallon Jiigs connecting the vacuum pump to one of the 
containers. A siphon tube is connected from this container to 
the second container. The first container is sealed and the 
second one is left open. The siphon is completely filled with, 
water and both ends of the siphon are placed beneath water but 
in different containers. Measure the change in volume of liquid 
in both containers per unit of time by some suitable means and 
average for several trials. Calculate the flow rate in liters 
per minute and cubic feet/second. 



Motes on Experiment 

1. Gallon Jars are ideal. for the large bottles needed in the 
calibration. 

2. If a vacuum pump is to be calibrated* extreme caution must 
be exercised not to create, a vacuum which will cause the closed 
bottle to implode. The vacuum pump should be run for only a few 
seconds to prevent implosion. 

*PDUrce - Weaver* E.C. ed. Scientific Experiments in Environ- 
mental Pollution* Itew York* Holt* Binehart & Winston* Inc.* 1968. 



A-7 Eleetroacofie - E&vlroaffleiital Chaail^r 



I. Intiroduction 

In inany cases l^fore field work Is begun It is necessezy to 
experiment under controlled oondltions. An esnrlronjnental chember 
is a satisfactory method for containing atnospherlc pollutants 
vitfa minimal daager. A method of detecting the amount of pol* 
lutlon in the chamber at various times is also advantageoxis when 
pollutants EUid their concentrations is desired. 



II* Objectives 

1. To determine the jnohllity of ions in polluted air 

S. T6 determine the effects of a polluted environment on plants ■ 
and materials.' 

III. Materials 

' electroscope* environmental chamber (cardboard box) * light source 
(filmstrip projector}^ screen (vhlte. paper or cardboard)* sources 
of pollutants to be added to the air (dry ice» smoke* SOp* etc.) 



IV. Procedure 

Refer to the acconqpanylng diagram. The, box used for the environ* 
mental chamber has two vlndovs cut in it» ome in the front and 
another in direct line with the flrat* in the back% These are 
covered vlth transparent plastic, or clear wrap to keep the chaooiber 
sealed.. The electroscope is so positioned that the light source 
placed outside the chamber vlll caoise a dhadov of the leaves to 
fall on the screen. A scale is drawn on the screen to take read* ' 
Ings. (The method of placing a charge on the electroscope should 
be determined by the student. ) ^e scale is determined by placing 
a maximum charge on the electroscope and getting the maximum 
deflection of the leaves. The lowest charge and therefore least 
leaf deflection is also marked on jbhe scale, ^e calibrated scale 
can then be used as a standard for future tHals. 

The teacheir should encourage the student to be as creative as 
possible in designing modifications of this apparatus to get finer ^ 
more accurate measurements or to branch out to other investigations. 



ERLC 



APPARATUS FOR MEASURING ELECTRON LEAKAGE 



Environment 
chamber 




-166- 



A-8 Lottvered Shelter 



I. latroduction 

Certain inaterial damages caused by air pollutants can be nlsdcked 
by other causal factors. The effects of sunlight » high tes^r- 
atures and hot particles from exhaust stack can be eliminated 
"by placing test materials in a louvered shelter. 



11. Objectives 

1. To house materials to be tested for long term pollution 
effects 

III. Materials 

two (2 1/2 feet x 3 l/2 feet x 1/2 inch) pieces of marine plyvood, 
^ - 2 inch hinges with screvs, 1 1/2 inch wood screws, 6 - l6 
inch pine louvered shutters and cans of white spray paint 



IV. Procedure 

Build a rectangular enclosure approxijutely 5 feet above the 
ground. The sides should be lowrered to keep out direct sun- 
light and other weather effects and one side should open* (The 
use of inexpensive louvered pine shutters vlll simplify the 
construction.) The enclosure should be large enough (2* x 3M 
to hold experiments and should be placed in an open area such 
as in a field or cm a roof top* The roof of the shelter should 
be of a shed type and the entire structure should be painted 
white* 



A-9 Saoff Box* 



I. Introduction 

Xn nao}' InstanceB^ It 1b l?6tter to vork vith ataoftpherlc pollutantB 
under controlled oondltlonBr This slnlnlteB errors vhlch night 
produce hazardous side effects. Also It Is then possll^le to study 
certain effects and faKillarlze oneself vith monitoring equipment 
before working In the environment. 



II. Objectives 

1, Tb demonstrate the acidity of varloiis gases in the atiaosphere 

2. To Introduce students to the use of gas sanpllng tuhes in 
order to practice deteminlng of gaseous concentration in the 
atmosphere** 



III. Materials 

cardboard carton » masking tape» glass tubing* atomizer 



IV. Procedure 

The box is a cardboard carton vhlch is air tle^t at all comers 
and edges. Tape if necessary to Insure that the ^cx is air tight. 
In the center of one side push the glass tubings vhlch is con- 
nected to a vash bottle » into the box and tape the tube to the 
box. The vash bottle should be asplratored by a hand pua^. On 
the opposite side make a bole large enough to accomodate the 
nozzle of a spray atctnizer. The atomizer contains dilute sul- 
furic acid. Cut a flap in the top snd place an evaporating 
dish in the box. In the evaporating dish place copper and cover 
vith dilute nitric acid. Punch a fev holes vith a nail in the 
sides of the box to admit air. Squeeze the atomizer every 30 
seconds and begin aspiration. Discard smog box after use. 

CADnOV: Should be done in a hood or under good ventlllatlng 
conditions. 



*Source: Weaver^ £.0. ed. » Scientific Experiments in Bdviron 
mental Pollution 

**See Exp B13-B 
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A-IO Cold Chamber 



I. Introduction 

The atmosphere has msmy cleansing. processes which aid in the 
removetl of pollutants. However, the pollutants themselves may 
interfere with the triggering devices for the cleansing processes. 
Air pollutants may then be a cause of inadvertant weather modifi- 
cation. 



II. Objectives 

1. To demonstrate cloud formation 

2. To study ice ciystetl formation 

3* Td show the effects of various polluteuits on ice ciystal 
formation 

To 'demonstrate other factors and processes which affect 
ice crystetl formation . 



II. Materietls 

styrofoam ice chest, black paper or black velvet or, black water 
base paint, diy ice, beaker, warm water, light source. 

IV. Procedure 

Obtain an inexpensive styrofoam ice chest and line it with black 

paper or paint its inside surface with water soluable black S- 

paint. . Place a ctiimk of dry ice in the bottom and a container 
of warm water in the chest. Close the top and allow the atmos- 
phere inside to saturate with water vapor. Open the top and shine 
a narrow intense besun of li^t down into the chest or make a narrow 
slit inside of the chest and lining. 



\ 
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A-Xl Audiometer 



I. Introduction 

Increasing population* technology and changing social patterns 
.have resulted In f y Intere&t In the danger of noise levels More 
and iDore people are beginning to realize that a feeling of veil 
being can be influenced by noise. Of practical concern Is the 
problem that hearing loss Induced by Intense noises B^ay not be 
reversible. 



II. Objectives 

1. Tt) measxtre somd levels at various locations 

2. To determine acceptable limits for sound levels by comparison 
to standarts determined by various studies 



III. Materials 

astpllfler (see procedure)* microphone* potentiometer (5k)* diode* 
resistor (lOO), component mounting box (51/2x31/2x3 l/2)* 
capacitor (l microfarad) and $0 ^Icro smp meter 



IV. Procedwe 

Obtain a small amplifier such as an RCA CA3033 or Realistic 2TT-12U0 
vhlch se^l for under $5.00 each. Connect the amplifier as shovn 
In diagram A-l$. The meter should he made to deflect full scale 
at varlou'ft sound levels (toy adjusting the potentiometer). Standard 
levels of sound for calibration In decibels may be reproduced using 
an audiometer available from most school nurses. Lover and upper 
limits of sound Intensities may be determined and the Instrument 
calibrated vlth e^^oxigh accuracy to make comparisons between sound 
levels at different locations possible. 

The Instrument may be used to get relative sound levels without 
calibration In decibels* If an audiometer 1b not available. The 
direct reading of the scale In microamperes at various locations 
of differing sound levels vlll give an accurate relative sound 
level. 

As a comparison standard the follovlne list of noise levels may 
be used as a rough calibration In decibels: 



* Noise Levels db 

Threshold of hearing 1 

Normetl Breathing - 10 

Leaves rustling in the breeze - £0 

V/hispering - 30 

Quiet office ' - ^0 

House - U5 

Quiet restaurant - 5.0 

Conversation - 60 

Autoiiiobile - 70 

^ Pood Blender ' - 8o 

■Niagra Falls at base - 90 
Heavy automobile traffic, or- 

Jet aircraft passing 

overhead -100 
Jet aircraft taking off, or 

machine gun at close range -120 



*Ehrlicft, Paul R. , Ehrlich, Anne H. : Population, 
Resources, Environment - Issues in Human Ecology 
(W.H. Freeman Company, Sail Francisco, 1970)* 



An excellent article for reference on sound levels and 
other sound effects can be found in Scientific American - 
December, I966, 



A-12 Qualitative CopdepsaUon Nuclei Counter 



I. Introduction 

The nu2ziber of condensation nuclei in the atmosphere at any moment 
is a good indication of the pollution of a locality. The Uigher 
the concentration of particles, the greater the pollution of the 
atmosphere, ffost of these particles are produced primarily by 
automobiles and although the same particles are found nationally* 
the numbers vary depending upon the environment. The greatest 
concentrations are in cities and the lowest over the oceans or ' 
in the center of a vast forest. . 



II. Obje-^ives 

1. To construct a portable instrument to be used to detect 
condensation nuclei in various environments 

2. To estimate the amount of pollution due to small particulates 
3* To en^hasize adiabatlc processes in science 



III. Materials 

empty soda can, vater, nail 



IV. Procedure * 

Punch a small hole in the side of an eiq>ty soda can close to the 
bottom rlm^of it. Place a smallramount of v&ter in the can (oue 
teaspoon full) and svirl to saturate the air.^ Covering the 
opening in tap vlth your mouth inhale c*ice or twice, ^is will 
introduce particulates into the can. Cover the opening on ^^op . 
with your mouth and put finger over the nail hole. Esdiale into 
the can. Maintain the pressure for five seconds*. Belease ]pre8sure 
and hold the can so that you can view particles in the beam of 
light eoaing through the nail hole./ By estimating distance 
between the particles, with a little practice, you can determine 
the nuiober of condensation nuclei per unit volume. For example^ 
if the particles are 1/10 a& apart, then there are 1,000 particles 
per cm3. 
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A-13 Acoustical Particle Counter 

I. Introduc+iion 

Many times a demonstration in needed to generate enthusiasm 
and motivate students* The acoustlccu particle counter i^ such 
an instrument since it con be used to detect particles on seem- 
ingly clean materials* It con eilso be used as a quantitative 
instrument to measure particles larger than 10 microns. 

. II, Objectives 

■ ^ "\ 

1* To- provide a count ^of particles above 10 microns in a sample 
of air drawn throu^ it . 

2. To provide motivation , 



III.. Materietls . ^ 

acousticELl counter (see folloving diagram or obtain from £. Bollay 
Assoc., Inc. Boulder, CoIo.)» inexpensive microphone, dlglteil 
counter (or eight dec^ade counter coupled vith an amplifier power 
supply) , vacuum source 

' ' 

IV, Procedure 

Set up the equipment as shown in the folloving diagram. . The ^ ^ 
acousticELl particle counter should be calibrated to determine the 
air flow in a given time. This may. be done using an air flow 
meter available from most scientific supply houses. Other means 
of calibration may be devised by the student and this should be 
encouraged. 

The counter can be used to sample air from outside a window or In 
various locations around the school building. The data collected 
can be analyzed on a statistical capability or graphical basis. 
Comparison for various times of day or different locations vouXd 
be appropriate as possible activities. Electric fields around the. 
tube might^ be tried to separate various type^ of particles. 



ERLC 



-173- 



ACOUSTIC PARTICLE COUNTER 



5 cm 



A i r 
sample 




Electromagnetic 
^ microphone 



attachment 



2mm 



Capillary 
tube (t5mm) 



1.5cm 



To 

air filter 
and pump 
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^after G. Langer 
Journal Of Colloid Science 
20:602-609(1965) 



A-u HOME-MADE WEATHER INSTRUMENTS 
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A-w PHOTOELECTRIC CELL 



Watch gtass 




SOUND LEVEL METER 



Low impedance 
microphone 




5 Kahms 



Diode 









50jia 
Meter 




Amplifier 











1.5 VDC 



100 oftms I ^FD 



Science Proj<.*cts - Experinientaticn and Data Analysis 



{S*-ddent Projeijts) . 



1. Determine Smoke Shade 

2. Pollution and .Visi"bi4ity 'Effects 
3- Calculation of Ventilation 

Vertical Motion in the Atmosphere 
5- Effect of Electric Field on Charged Particlur. 
6. Estimation Suspended Particulates 
7* Ozone and its Effect on Rubl:er 

3. Artificial Weather Modification 
9. High Volume Sampling 

10. V Suspended Particulates 
,11. Dust Fall 

12; Cleansing Action of Natural Prccesdes 

Rain Scavenging T, Norton 
13* Measuremeiit of Pollution Effects 

a. electrical - Dave^s electroscope 

b* plant damage 

c. material soiling 
material damage 

e- insolation depletion 
Ih, Testing for Radioactivity in the Atmosphere 
15* Determining the Si2^ of Particles'. 
16* Analysis Using Sedimentation Foil Data 
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B-l Determinlnft Smoke Shade * 

l\ Introduction 

Combud t ion of organic fuel&, if compl et e , would yi eld 
only carbon dioxide and water vapor; however , combust ioi? 
is never 100%, complete under ordinary conditions, 
■Particles of unburn ed carbon and colorless gases are 
released from the source, as atmospheric pollutants. The 
unburned carbon produces a plume that varies from gray 
toblackincolor. 

y' ■ ■ - _ 

■ A standard procedure for estimating the amount of blackness 
of a smoke plume was established by M. Ringelmann. The 
Rihgelmann standards are a series of grids which when 
compared visually with the smoke allows ..one to estimate 
blackness from 20% to 80%. 

II.- Objectivjes 

1. To test for smoke emitted from stationary sources, 

2. To realise the problems .associated with nhe Ringelmann 
char t . . 

III. Materials 

_-mlcroringelmann chart . (These grids may be purchasedfrotit 
Power, 330 West 42 Street, New York, N.Y. 10036 (? 35C each) 

IV. Procedure 

1. Select a site not closer than 100 feet from the stack nor 
g^r eater than l/4mile from the stack. 

2. The background behind the stack should be free of dark 
ob j ec t s . 

3 . Directions for the mi cror ingelmann chart are printed on 
the back of the chart, 

V . bate and Resul t s 

. 1, Fill in the following, table from measurements made, 1/2 
julnute apart. . At least 20^30 measurements should be taken . 

Ringelmann number of productof 

number observat ions R.N . x N .0. 



"Sum of products 
To tal numbe r o f observat ions - 



0 
1 
3 
4 
5 
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2. Compute the weighted average l^ingelmann 'number of the 
smoke 

wt. Vl. ho< S(J^ no. X no. of observations) 
number of observations 



Questions 



1. If a plume doesn't ejcist or is completely white, is there 
any danger of air pollution^ 

2. What color plxune would the addition of excess amounts of 
water vapor to the stack effluent produce? 

3. Are there other techniques for producing a colorless plume 
and still have particles emitted from a source? 



^ Source: Air Pollution Experiments for Junior and Senior High 
School Science Classes: Edited by D. Hunter and 
H, Wohlers^ 

.A • P * 0 « A • 

* 1*1*00 Fifth Avenue 

Pittsburgh, Penn. 15213 
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Pollution and Visibility Effects 

I< Introduction ^ 

p" ' ■ ■ ' ^ 

Aerosols in the at liio sphere absorb, reflect and scatter 
light which results in a. marked reduction of visibility. 
The extent of the scattering of light is influenced strong- 
ly by the. number and size of particles in the air. When 
the particle is ofa size equal to halfthe wavelengt\^ 
of light (about 1/4 micron) the light is efficiently 
scattered * * 

Water condenses on dust particles, saltnuclei and other 
types of CO ndens action nuclei. Since some particles are 
hygroscopic, a fog canbefo rmed even though the air is 
not saturated with water vapor. Reduced visibility at 
90% R*H. or higher is almost always the result of water 
droplets;however, be low 70% R,H* pollMtion must be 
considered the principal factor. 

II * *0b j ect ives 

1. To correlate visibility variations and air pollution. 



III"* Materials 

hy gromete r , topo graphic map . 

IV. Procedure ^ 

Obtain a goodmap of the sur rounding .area and a humidity 
measuring device (Hair Hygrometer).. Select a good position 
for observatioi:^ that will al low you to identify landmarks 
1/4, 1/2, 3/4, 2, 5 and 10 miles distant. Each day or 
several times a da/, establish your visibility and re cord 
R.H., wind direction, time of day, time of year, and local 
weather patter ns. Discount all decreases in vis ivil i ty 
when relative hiijiid I Ly is greater than 70% . /, 

V. Data and Results ' 

1 . "Cons truct a table for the variables listed in the 
procedure. (visibility , R.H. , Da t e-Time , wind dir ec t ion , 
local weather) 

2. Try and est ab lis a patterns between degree o£ pollution, 
source of pollution, time of day, season and current 
weatherpattern. 
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B - 3 C gilculatlon of Local Ventilation 



I • Introduction 

Large cities or Industrial complexes depend upon large 
volumes of moving air to carry away pollutants downwind 
and to dilute the concentration of the pollutants. 
Qnder low wind speeds and Inversion layers adequate 
ventilation of the locality may not occur and a poten-^ 
tlal pollution hazard can be produced quite rapidly. 

The ventilation over an area Is the product of the 
maximum ini:y:lng depthi which Is the height to the 
Inversion determined by a dry adlabat drawn through 
this depth, and the average vertical wind speed through 
the mixing depth. Ventilation of less than 3,000 m^/sec 
Is considered hazardous. 

II . Obj ectlves 

1. To help the student understand that an Inversion by 
Itself may not produce a hazardous condition. 

2. To help the student understand that low horizontal 
wind speeds and a low Inversion lid produce hazardous 
conditions • 

III. Materials 

radio sonde sounding data or Included data» pseudo- 
adlabatlc chart . 

Sample Data 



P(mb) T<^C) Wind Speed(Knots) 

1000 19 2 

990 18 3 

970 16 5 

940 28 10 

850 21 25 

710 10 20 



Note: A pseudo-^adlabatlc chart may be purchased from 
the U.S. Dept. of Commerce WB Form 770-11. 

IV. procedure 

1. Obtain a radiosonde sounding with wind speeds from 
your local weather bureau or use the above data . 

2. plot the sounding data on the pseudo-adlabatlc chart. 

3. Follow the dry adlabatlc line from the 1000 mb, 19^C 
point uhtll the dry adlabatlc line crosses the sounding. 

ERIC 
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Data and Results ... 

1. From the height scale at the right side of thv chart, a*^termine 
the maxiJTium^ mining depth. 

2. Compute the average wind spee;\ through the maximum mixing depth 
layer. 

3- Calculate the ventilation 

V = M-M.D, X Average Speed - ' ^ 

Questions 

1. Does the continental weather pattern indicate vhat type of iEiversion 
is affecting your locality^ What additional information would you 
need to definitely establish the mechanism producing the inversion? 

2 How would you weigh the importance of inversion height versus wi 
speed? Does this depend upon surroimding terrain^- source of pollution 
and size of city^ 
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Vert ical Motion in the Atmosphere 

I . Introduction 

Surface materials absorb Insolation at various rates depending, upon 
their albedo. V/hen s, parcel of air becomes buoyant vith respect to 
surrounding ambient air it is forced aloft by pressure differencor. 
and vertical up drafts are created. The parcel, if it is large enough 
and rises rapidly enough, ca». be considered to be under^^oing adiabutic 
motion. Tiie parcel vill continue to rise until its identity ir lost 
or until an equilibrium is reached vith the ambient atmosphere. 

This type of motion is important since it is a main mechanism for 
transrjortinfj; ptillutants aloft where the pullutants can be rapidly 
dispersed ard diluted. 



TI. Objectives 

1. To make determinations of vertical ^iiotion in the atmosphere 

2. To determine rate of ascent over various types of land forms 

3* To demonstrate that vertical ascent and descent can occur side 
by side in the atmosphere 

h. To demonstrate that vertical ascent is more vigorous than 
descending air unless the descent is produced by obstacles ( e . g . 
mountains, buildings). 

III. Materi;ils 

supply of natural gas, toy rxil loons, goda straws, two tripods, 
protractors, cardboard, plm bob, acrews, ^ x H x 1^* pJ^vootl 
(Kee atiachftd diagram). 



IV. Procedure 

Use a hand aspirator attached to a natural gas jet to fill toy balloons. 
Tie and weigh so that they have jjIov ascent rates. Build tvo simple 
Lranfiits (see d i af.rajn ) . 

Lay off a 200 foot base line, place the transits at each end and orient 
the transits with respect to each other, A team of 3 observers and a 
recorder is assigned each transit- A btjulloon of very small positive 
buoyancy is released at transit height from the center of the baye line 
and both azimuth and elevation angles are rt-ad and recorded every l!?-30 

The baae line can be coordinated with local wiud conditions such that 
lift ra!-.e can be measured over various types of land forms , asphal t 
parking lot, grass play area, wooded area, ffirshly ploved earth* und 
^ vater surfaces. 

ERIC 
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SODA STRAW TRANSIT 
(THEODOLITE) 





Da t a a nd Result s ■ ' 

A . . Horizon tar wind speed ^ 

l*PZot the points rep resent ing the pos i^t ions of the 
t heodo 1 i te^S' (^call th em T and T2 ) acco rdihg to a sc ale 
laid out on a piece of giraph paper, 

2 , -Plot th e s igh t . lines at the end , o f each t ime ^ 
increment .from the theodolites (T^ an3 to the 

balloon ' s pos i t ion * ; 

a. The recorded azimuth anglers from each, theodolit'e 
at th e end of each time increment are plotted on 
the graph with the -yer.tex of each . plo tted azimuth . 
s angle being the position. oftHetheodolite from 
which it was. r ead' (T-i or T2 ) • One s id e . o f the- an gl e 
is the base line and the other side is the sight 
line f^rom that theodolite, ■ . 



r 



J 



b . The point of in^ter'section of the two sight lines 
is' the^ point , in the plane :of the theodolites at 
yh ich th e . bal loon i:S . lo ca ted . * : 

,3 - Measur e the horizontal- d isplac emen t during the t ime 
increment , \ 

a. Measure the distance between th^ positions of 'the 
Walloon at the beginning and .end of - the time incre-. 
. men t us ing the s ame ^scale as thegraph pap er . 

4 . Determine the average wind direction during each 

time increment and determine the average wind velocity 
during the time increment . . 

B, Vertical wind-speed.- 

1 <, Plot the points representing the positions of the 
..theodolites (TiandT2) according :to a scale on a piece - 
of- graph paper . 

2 . Plo t the sight lines at the end o f. each ^ time increment 
from the theodolites (both T^ and T2) to the. position of 
the balloon . \ * 

a • The recorded eleva t ion angles^ from eac h , th eo doli t e , 
at the end of each time increment are plotted on the, 
graph with - the vertex of each elevation angle being 
the position of the theodolite from which it was read 
(Tj^ or tj)* one side being the base line and the 
other being the sigh'^t 1 ine from the theo do li t e . 

b , The point of intersection of the sigh t lines , is 
the position of the balloon at the end of that time 
increment (Bx, B2> etc.). 

3 ' ^Det ermine, the p'erpend icular dis t aiice be tween t he 
position of the balloon at the end and at the beginning 
of t he t ime . inc remen t ; 
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V. rContlnued " ■ 

4 , From #3 , determine the rate of asce^nslon \of ; the 
. balloon In feet, .per minute for each minute, of flight. 

- ■ - " ■ ' ■'^ " . 

VI. Questions : ^ ' . 

1. Talk to glider pilots, If possible^ to ascertain If 
.strong vertical motion Is ever noted by them. 

2 . How would you eva lua te you r " local atmospheric 
conditions Muring the experiment and observed .rates of 
as'cent ? . -. : / ■ ■ ■ ; V 

- "■ '■ \- . . ' . ^ ' ' . . . \ 

3 . Would you expect rapid ratines o,f Increase when your 
location ;is under the Influence of a high pressure system? 

4 . Thermal Ibws give rise to large scale vert leal mo t Ion ; 
. can you list some phenomena expected from this type of 

\ motion? - = ■ 

5 . What wou Id you hypo theslze would happen ;to the water 
vapor f rom a hyper li>lic cooling tower^ associated with a 
nuclear power generatlngplant under cold front conditions? 



Source: After, R. Ward & W. Broland 
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* : B-5 Effects of an Electric Field on Charged Particles * ^ 

T , In t roduc t ion . ■ 

. \ An effective way to remove particulates from a stack is 
by means of an electrostatic precipitator. Suspended- 
solids may xarry an electric charge' . or be charged by 
con tact wi th ions produced by an elec t rode ,1. When . 
charged particles are passed be tween plates carrying 
opposite charges they are. at tract ed . to the plate wh ich^ 
^ has the. opposi t.e char ge . . = After imp action the particle 

remains on, the plate. ^ . / 

' IT. Objectives ' i 

1 . To s tudy one I me t hod by ^ wh ic h particles may be removed 
from. the atmosphere, . .' . ^ 

Ill/Materials ^ ; 

2" diameter metail tube or, 2'^ diameter glass tuite, aluminum, 
f oil » non-conducting stands ^ clamp , metal rod , induction 
coil or Whimshur s t generator ^ bell wi re , alii gat or cli ps . 

ly . Procedure 

Clamp the metal tube or glas'S;^ tube wrapped with aluminum 
foil (cut a window for viewing) about 12 inches of f a 
table. Make sure- that, the stand supporting the tube is 
non-conduc t ing . Center a metal rod in the chiianey and 
support the rod. from the insulated stand An induction 
CO il or Whimshur s t genera tor can be used to establish a 
potential difference betweea the chimney and the center 
rod . ^ ^ ■ ■ ' ■ \_ ■ ■ ■ . . 

Smoke may , be introduced into. the chimney by burning 
camphor in an evaporating dish« burning shoe' polish^ 
burning a wick t^at has been soaked ^In tur:pentinc or 
by producing a chemical smoke by allowing ammonia water 
and hydrochloric acid vapors to react. Tobacco smoke 
produc^,s some s tart ling effects, a l^o. 



^Source: Hunt§r & Wohlers Manual 
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B T 6 ' Est Im at Ine Suspended Particulates 



I * Introduction 



Aitken -nuclei ,are believed^tc^-have a weather modifica- 
tion effect! since they may serve as condensat ion nuclei . , 
Large numbers of particles may enhance' precipitation or^ 
conversely prevent precipitation if large numbers of 
■, nuclei are pre sen t . In |any - case^ Ai t. ken nuclei, are 
i^ndldative of the amount' of pollution in. a given area: 

: / II. Objectives 

1. To measure the variation in condensation nuclei as a 
pollution indicator, - , . 

III. Materials , . 

Qual i t at ive condens a t ion nuclei counter « acoustical 
;V . part Ic le coun ter . 

IV. Procedure . : 

:Using;^the quali.tative conden^sation nuclei counter^ ' 
students may establish numbers, of nuclei simultaneously 
' ±n different location^z-'^Wind direction* sources of ' 
pollution . and counts can be plotted on a^^ topographic 
^ map. Analysis: over a per iod of days can be made to * 

^ establish patterns. An interesting project would be to 
monitor different parts of . the school building to 
establish hypotheses for variations observed. The 
acoustical particle counter can be used' at fixed locations 
^ around the school over a period of time; to give a size 
distribution to be used in conjunction with the- 
qualitative; condensation nuclei cotinter data . - / - 
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B-7 Ozone and its Effects, on Rubber* 



Introduction 



Rubber Is 
essential 
molecule i 
together . 
there are 
valence bo 
of ,e5H8 re 
Two ' examp l 



a natural polymer used In hundreds of. articles 

to our mo dor n civilization . The r ubb er 

s made-up of many small units , , C3Hg, linked . 

This molecule is ynsatura'ted whlch/meahs that 
not enough hy dro gen. at oms to . s at is f y al 1 of t he - 
nds of carbon. Thl's results, in two carbon atoms, 
peating unit' being linked by a double bond. . 
es which might occur are: . 



(a) 



H H H 


H 


H 


1 1 1 


1 


1 


7C-C=C: 


-c- 


-C- 


1 1' ■ ■ . 


1 


1 




•H 


H 



H H 

\ I 

(b) --C-C-C-' 

/ IM 

H H'C H 
I 

I 

. \ H . . 

Ozone, although present in small amounts reacts vigorously 
with the double bonds oxidizihjg'^ the molecular chain . This 
occurs mo s t r apid ly. whe n the r'ubber i s s t r es se'd ./ A good 
example is the cracking observed in. rubber tires . This . 
problem has been overcome to some extent by the production 
of ^synthetic rubbers.. . 

It. Objectives \ ■ 

1. To study the effect of. ostone on rubber. 

III. Materials/ 

rubber o^one sensitive sheets, (from Goodyear Tire and 
Rubber Co. V 1356 Tennessee Avenue, Cincinnati, Ohio), 
louver ed shelter, 375 grams of mas s , ozone genera tor , 
environmental chamber, vernier call per,, magnifying glass. 

TV. Procedure 

1. Cut the rubber sheet into strips 1/16** x 2". Store 
the. unused rubber in a sealed con.taiher in a cool , dark 
place . . ; . 

2. .Suspend the strips in. alouvered s he Iter with 375 
grams attached to one end of the rubb.er strip. Expose 
the strips for 7 days and remove from the shelter. ' 

An alternative methodis to construct an ozone generator 
and pump the air into an envi ronmental chamber . Follow 
the rtbovi^ procedure f o r suspendi ag the rubber strips in 
the envl ronmental chamber .... 
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Data and Results , ; © 

1. l4ou;nt the rubber sxrlp horizontally under the same 
tehslo^n as when tjie rubber s trip was suspended, 

2. Examine the sujrface for cracking wl th a magnifying 
glass . jj ^ ' 

3. Measure the depth of cracking with a vernier , caliper 

4 * Use the depth of . cracking as a relative Indicator of 
ozone concentration. , 



yi . Ques t Ions " , \'\ -' \ 

1. Did you notice any cracking or checking In the rubber 
which was under tension? ^ 

2. Does the exposed strip of TubVer return to Its original 
shape as . well as an unexposed e trip ? . 

3 . Can you find any other materials that are\ chamlcal ly 
attacked by ozone? . ■'. 



*Source: Hunter & Wohlers Manual 
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B-9 High Volume Samplinp 



i. Introduction 



A quick way to sample the air for suspended-solids is \o use the 
High Volume Sanqplirig technique. This gives a. quantitative measure 
for the degree of particulate pollution in an area* - Since manv of 
the particulates are dark in color the collected sample can readily 
be seen. This material upon impaction vith surfaces will lead to 
the, discoloration of buildings in your locality. 



II. , Objectives 



1. To measure the amount of suspended particulates in the atmosphere^ 
arid compare with other rural, suburban and urban areas 



III. Materials 



fiber glass filter, Buchner funnel, rubber tubing, louvered shelter, 
calibrated vacuum system, anetlytic balance, dessicator ^ ^ 



IV. . Procedure 



Cut a piece of fiber glass filter to fi^t inside of a Buchj|ner Funnel 
and hold th^ filter in place with a piece of rubber tubing. The funnel 
is placed in the louvered shelter ''and connected to a vacuum system. 
The filter should be desiccated at riHDm^t(»i^£ratu^e for boura ahd 
its mass found to the nearest 0,1 mg. using an analytic iJedance. 
With the filter in place calibrate the vacuum system. = Let the system 
run for a period of time (2U hours if possible). Calibrate the system' 
again with the filter: in place. The air flow rate is the average .of " 
the two readings. . Again desiccate the filter for the^ sane period of 
time. as done originally and find its new mass. Express your result 
as micirograms/cubic meter. 



V. Data and Results 

1. Record volume rate and mass of the filter at the beginning of the 
experiment. 

Volume Rate « liters/minute 
Original Mass milligrams 

2. Record volume rate and mass of the filter at the end of the 
ejiperiment. 

* Volume Rate * = ^ litors/minute 
New Mass milligrams 



3. Find average volume- Rate 
Av 



Ave^:age Volume Fate Volume Rate^ + Volume Rate2 



.2 
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It. Find mass difference 

Mass Difference = New Mass - Original Mass (micrograms 
5, Calctilate suspended particttlates 

Suspended Particxaates = 



Mass Difference x 



1 X 1 X 10 cm^ X 1 X 



Average Volume Bate 60 min , hours run . ^3 lO 

hour 



3 



Questions 

1. How does your v^lue compare to a-^'erage values for other areas? 



. B-10 Suspended Particulates * jj 
Introduction ' 

Wind blown particles in the range 20-100- mi c rons can. be 
observed yi sually after they are collected . The direction 
from whi ch the g rebates t number of particles come can be 
ascer t ained and correlated with- indus t r i al. sources upwind . 
These particles do. not enter the lungs but are responsible, 
for soiling in the coromuni t y . The particles collected are 
in the region between those particles which remain suspended 
and those, part icles which, sediment out . rapidly < 

Ob j ec t ives . ... , 

1 . To vi sually determine the number of part i cles suspended 
in t he^ a tmosphere . 

■ j . ■ ■ . ■ .. ■ ■■ 

Materials ; , , 

stand, container 2 3/4" diameter x 3" high, Fas sons 
Pli-A-Print R135 adhesive paper which can. be obtained 
from Fasson Products Division of Avery^ Paper Co., 
250 Chester Street, Palnesville, Ohio. Cincinnati Visual 
Standard A-3 photograph obtained by writing to the . , 
Robert A. Ta'ft Sanitary Engineering Center, Cincinnati, 
Otiio 45226. ^ ' 

Procedure - 

' Mount the ' container on the stand . Cut a strip of adhesive : 
paper 2" x 10" from the Fa ssjon ' s paper . The adhesive paper 
i s wrapped around the ou t s ide of the . container . l^he s tand 
is placed , reiDOved a distance f rom obstacles, at least equal^ 
to the height o f t he o.b s t acle . The cardinal compass points' 
are marked on the adhes ive paper f o r reference . ■ Af ter a 
seven day exposure the surf ace. of the adhes ive paper is, ^ 
sprayed with a cl^ear lacquer and removed from the stand. 

The .number of particles per square inch can be .obtained /"V 

by compar4son with tl^e visual standard photograph. 



* Source : D . Hunter fit Wohlers Manual 



B*ll Dust Fall 



I . \ In t roduc t ion ; * . . 

Dusts and other solids present in our a troo sphere have . 
many sources . \ Natural ^source s (poJrlen , soil, vole an ic 
dust) are picked up by . the wind and may :be distributed 
wqrldwide% Man's activities (e.g. cons t^r uc t.ion , re f us e 
dispoGaL, power generation) introduce large amounts qf 
particles into our atmosphere . ^ Particulate emission 
may be the most serious- pollution problem of the 
a tmo.spher e. for a given locality.. 

The particlea in the atmoaphere haye a size, arid maas . 
distribution (see Section F - Appendix) that allow some , 
particles to iremain suspended and others to settle out 
. , ; ^ on to surfaces. We shall be concerned :with particles 
, . ^, greater, than the 100 micron size. 
' ' - - ■ *■ ' . * . " " , ' 

. The amount of materil settling out gives an indication of 
the local pol^lution and cost to the individual and community 
through soiling of aurJaces. 

- II . pb jectivea ' ^ 

■ 1 . To de t ermine the ma$s of- so lid particles settling onto 
a' surf ace during a given period of time , _ 

1 1 1 . Ma t erlals ^ . . 

glass jar with^ mouth diameter greater than 4 inches'^ stand 
to hold jar upright , algacide . : 

IV. Procedure . > . ' 

Clean the jar and add 5'%1 of algaclde solution to the ^" 
jar to retard growth of algae. Place the jar on a suitable 
surface , well away from any. structures . The . jar is ^exposed 
for 3A days and then the contents are analysed. 

Remove any ext raneous materlals^from the jar. Scrub \t he 
0': . inaid;e surface of:>the. jar and wash it down with measured ■ 

amounts of hot distilled water. Plabe the sample in a 
. beaker on a, hot plate and evaporate .to^a. small volume of . 
liquids Use a steam bath, to evaporate all Risible liquid. 
Cool the breaker and find its mass to the nearest Oil mg.; 
Subtract the mass of the beaker . to obtain the reisidue whi'ch 
, , , was d epos i ted . ^ . 

V; Data and Results ^ 

1. Record grams of iMrtijerla^J/cm^/month . 



Questions 

1. What was the area of exposure? 

2. What were the tot€JL settlear^le particulates expressea as 
mg/cm^/30 days? 

3* What is your result expressed in pounds/acr /jv iays? 
What control could J^ave been used in this experiment? 

5. How does your area compare with the following classification? 
slight dust f&ll 0 " 0.7 mg cm^/molith 

moderate dust fall .7 - 1.^ u'^Vmonth 

heavy dust fall 1.1* - ? a^/cm^/morith 

very heavy dust fall greater than 3.5 mg/cm /month 
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i B-12 Cleanslng^ Action of Matural Processes 

I I; Introduction, ! 

Precipitation is an excellent scavenger of pollutants found in the 
atmosphere. Solid particxilateB may serve as condensatictfi or ice 
nuclei and -liquid aerosols may;be removed by accretion. Gases will 
be' removed by photochemical prpcesses, adsorption or absorption in 
water. The precipitation will'- remove the/pollutants and cleanse 
the air. Hovever, since the iinput of pollutants into the atmosphere 
is continuous the cleansing action is a tenqE)orairy one. Also, the 
pollutants are broiight dovn to the surface of. the earth in a concen- 
trated form where they present a different type of pollution problem. 

II. Objectives . , ^ 

1. -i^o determine whether or not precipitation removes pollutants 
from the atmosphere 

2. To determine the most effective size of raindrops for optimum 
cleansing^ ' ' . ' 

': - ' ■ - ^ _ _ ^ , - 

III. Materials ^ . , 

p-H paper ^ riylon. stocking, 9 inch hoop, confectioner ' s sugar, rain 
^.^uge or j)lastid rain table^ Jars with tops , Kodak linograph paper 

IV. Procedure 

Collect rain in the gauge or rikn table using some predetermined 
time intervea,\e.g every 15 minutes for light rain aiid every minute 
for a thunder shower ) .Snow. may be collected and melted^again using 
appropriate time intervals. Usep-H paper to analyse; the acidity 
of the rain water as a function of time. Set the individual saoiples 
aside and these may be analysed for petrticulates with a meter or 
analytical balance. (see exj). B-ll). , 

Place the nylon over the 9 inch hoop and fasten to the hoop. 
Sprinkle powdered sugar on top. ■ Expose the hoop to the r^in for a 
short time. The rain drops pass through the mesh and take the sugar ' 
vith them.. The sizeg and numbers^ of rain drops miay be easily determined. 
An alternative method uses-., linograph paper. 

V. Data and Kesxilts , 
1. Fill in the following tables: 

Reading Time pH gpi.of particxxlates 
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2, Reading Time pH particle # of m of 

siM particles particulates 



Questions 

1. Hov does the P-H compare with the duiation and aiaount of 
precipitation? 

2. Hov does P-fi compare with the si^e distribution found in 
various rain falls? 

3* Is there an optimum si^e of raindrop for the most effecti 
cleansing of the atmosphere? 

1*. How do^s particulate mass compare with duration* si^e of 
raindrop iad aiDOunt of precipitation? 

5. Is vet or dry snow a more efficient scavenger of air 
pollutants? 
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B-13 Measuring the Effects of Air Pollution 
A. Electrical r . 



I. Introduction 

Polluted alr ls a poor conductor^ since [^i.t, captures charged 
particles. Also, as the number of particles increases, 
the .mobility . of the ions decreases and a charged 
electroscope will- not discharge as quickly as in clean air, 

II . Objectives 

1. To study the effects of various atmospheric pollutants 
on electrical charge and mobility of ions. 

in . Materials 

Electroscope - environmental chamber, various pollutants 
.(See diagram in A^7) 

IV. Procedure 

The general procedure to be used is to introduce various 
atmospheric pollutants into the chamber and time the 
collapse of the leaves of the electroscope. There are ^ 
many approaches, as to how this might be accomplished and | 
it is here that student in'genuity and creat ivity should be; 
relied on to set up the experiment to accomplish his ^goai^.^ 

There are many variables " and the control of those not 
being tested should be-explored by the student. The data 
collected will be determined by the student^s project 
design and the interpretation should be done by-the^ 
"Student based upon his reading in the literatuVe and the. 
data he obtains from the experimental procediure. 

V. Data and Results 

1 . Plo t rate of co 1 lapse of electroscope versus pollutant. 

i"" ~ ^ ' ' ' ' 

VI . Questions , ; 

1. Mhich pollutant affectsthe mobility of ions the most? 

2. If the con cent ration of eachpollutant is known , is. 
your answer the same as in #1? 
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B- Plant Damage 

I- Introduction 

Gases account for the majority of injury to vogeJ;ation. Ozone> 
PAH, nitrogen dioxide^ hydrogen fluoride, ethyj^e and chlorine 

, ,may inhibit growth, destroy plant chlorophyl or disrupt the photo- 

' synthetic process. 

Pollutant Part^ of Leaf Affected * 

Ozone Palisade 

PAH Spongy cells. 

NO2 Mesophyll cfells 

SO2 Mesophyll cells ; 

HP Epidermis of mesophyll 

CI2 Epidennis of mesophyll . 

^ CHg All 

*Refer to Section III for cross-section diagram of a leaf. 

II. Objectives , 

1. To study the effect of various concentrations of gaseous air 
pollutants on sensitive plants * 

III. Materials , 

Obtain specific gas sanipling tubes from: . 

Iftiico, Inc. Eduquip Inc. 

P^O. Box 590' or 1220 Adains Street. 

Pall River, Mass. .02720 Boston, Mass* 02121* 

■microscope, environment etl chamber, laboratory gas demonstration 
bottles, camera, color film and infra red film, seeds or plants 
^specific for various gases (see Section F - Appendix), ventilation 

IV. Procedure ^ ^.j...^ 

jGrow or obtain sensitive plants for the various pollutants^ to be 
. tested. Set aside one plant to be used as a control and'^lace an- 
other plant in the environmental chamber. Put the environmental 
chamber in a hood and introduce the pollutant gas. Monitor the con- 
■ centration of the gas over a l-h hour period (fiiyiB .every 1/2 hour). 
The greater the concentration of gaseous pollutant the shorter the 
plant exposure that is needed. 

Photograph the control and exposed plaint over a period of days iinder 
identical, conditions . Note any damage indicated by the photographs 
Q or observed visually and study a section of the leaf undc: 
a raicroscf'pe^ ^ 



B . Continued 



V, Data and Results : ' 

1, For each plant list;; 
a • plant 

h • t ime of- exposure .^knd po llu t ant concent rat ion 

c. photographic evidence of damage 

d, complete description of visual damage .and 
any prepared elides that were made. 

VI, Questions 

1. Which part of the plant was affected by each pollutant? 

2 , Does varying the concen t rat ion and exposure time, 
produce any notable changes' in plant damage? 

3.. What are the effects of mixing two or more pollutants 
and exposing the plant to the combination. . 

4 . Are->there any ' no t iceab le growth or mo rpho logical effects ? 

5. Check- the literature 'for estimates of the cost of 
vegetat iye damage from air pollution in the United States . 
What are these estimates? How do they compare over the 
past 10, 2 0, 30 years? 
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C . Material Soiling * 

I. Introduction 

Polluted air contains many particulates which are dark in 
CO lo r and can be readily seen when taken f rom the air . 
These particles cause, soiling of fabrics. It is estimated 
that every person spends $5.0^$75 a year in additional 
cleaning bills because of air pollution . In large cities , 
the cost mayrun to$l25 per person annually. 

II . Objectives 

l.To estimate soiling of filter samples over a period of 
time and during various par ts ..p£ the year . 

III. Materials ' 



vacuum pump two piece sof 28mm glass tubing, 50-75 mm 
long with 1.2 mm wall thickness , window screen .28 mm in 
diameter', two rubber stoppers to fj-t 28 mm.. tubing with 
8 mm hole in center^ two pieces of .8 mm diameter tubing 
75 mm long,, masking tape, Whatman #Al filter paper: 28 cim 
diameter , f low meter, gallon jug, funnel, photocell*- ^ 
milliameter radiation detector . 

JV . Procedure , \ . \ 

Place' the screen on one end of the 28 mm tubing followed 
by the filter and the bt her 28 mm piece of tubing. Seal 
-the joint with the maskingtape. Stopper theends of the 
tube and insert the 8 mm tubing in each s topper, . Connec t 
the side oppo,site the screen to the funnel and the other 
end to the flow meter, gallon jug' and vacuum system. 

Start the pump and record the beginning flow rate and 
time . Whe^n the filter is darkened sufficiently,' turn off 
the vacuum' sys t em and record the f low rate and time. 

V. Data and Results ," _ r^-. 

The clean filler -paper can be considered. 100% reflectant 
for light measured with the radiation detector . From prior 
calibration the % reflectance (R) o£^ light can be found for 
the sample filter and the optical density calculated by: 

optical density = logio , 1 , 9 " logiO 100% 

Ijj % R 

p_r 

O.D. » 2 - logj^o 
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C. Continued 



VI. Questions 
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1. How does the optical density vary at different sites and times 
of the day/year? 



* Source: D. Hunter & H, Wohlers Manual 



B-13 Continued 

D. Material Damage 

\' ■ ■ ■ . . 

I. * Introduction . _ 

The stability of colors in dyed fabrics can be affected toy sunlight, 

washing, heat and humidity. Oxides of nitrogen and ozone are also ^ 

causes of fading. 

The usatole life of nylon goods is shortened by .air pollution. The 
factors which may eiffect, nylon are: 

' 1. . hot particles from chimneys 

2. sulfurous or sulfuric acid mists 
3* nitrogen oxides^ 

phenols and aldehydes 
5* solvent vapors ^ 

Metals are rapidly attacked by many gaseous pollutants when the temperature, 
concentration or relative humidity are high. Under any or a comSination 
\ " of the above factors, the metals undergo chemical reactions known cate^ 
gbrically as corrosion. 

II. Objectives . - . 

1. To study the effect of atmospheric pollutants on: 

a. nylon 

b. colored fabric 

c. metals ■ , 

in. Materials 

photocell-^milliameter detector* nylon hose', U x 5 polaroid mounts, 
copper, steel and zinc sheets^ louvered shelter^ AATCC Gas Fading 
Control Fabric and Color Fastness to Ozone: Available, from: 

Test Fabrics, Inc. 

55 Vandarn Street 

Wew York, I^ev York 10pl3 

IV. Procedure . ^ 

Make sure the nylon has no /breaks in it before mounting. * Cut the 
control fabric and nylon to fit the polaroid mounts; label and place ^ 
the samples in the shelter. (See following diagram] ' . 

Clean the metals using acid and acetone if necessary. (Wash the sample 
with distilled water after cleaiiing;) Make sure that this ie done in a 
' hood, and extr^ne" caution is exercised by the student. After cleaning 
the metal« find their mass. Place the metal semples on top of the 
shelter in esi exposed location. " ' 




Leave til simpleFt exposed for 90 days. 
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D. Continued 

V. Data and Resxilts 

1. Measure the reflectance of control cloth and metal samples to 
establish calibration curves. 

2. Examine the nylon for breaks t 

3. At the end of the 90 days, clean the metal samples of all corrosion 
and determine their mass deficit. 

VI. Questions — 

1, From the mass loss of each type of metal, the cost per pound and 
the toted tonnage of each meted used in the past year, what is the 
economic loss because of air pollution? 

2, From the damage to nylon, what is the estimated yearly economic 
cost because of air pollution? 

3, From a class opinion, what {t reflectance would be etllowed before 
cleaning a fabric was necessary? What is the economic loss because 
of required cleaning necessitated yeetrly by air pollution? 
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B* Contlzmed 



V. Data and Results 

t 

1* Measure the fiCkctance of control cloth and vetal anples to 
establish calibration curres. 

2* Examine the nylon for breaks* 

3. At the end of the 90 dayc > clean the »etal saaplea of all corrosion 
and determine their made deficit. 



VI* Questions 

1. Prca the vaas Iosq of each type of metalt the cost per pound and 
the total tonnage of each netal uaed In the past year* what is the 
econcMlc loss because of air pollutlonT 

2* Fron the daaage to iqrlon* Vhat is the estimated yearly econoailc 
coet because of air pollutlnT 

3. Prott a clasQ opinion* what % reflectance would be slloved before 
cleaning a fabric vas necessaryT What is the econovle loss because 
of req:ulred cleaning necessitated yearly by air pollutlnciT 
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E. Ipsolatlon Depjetlcp ... ^ 

I. Intro ductioD 

Very small particles scatter the iosolatioD that we receive. By 
coagulatioD tbese particles may grew to large sizes and change their 
scatteriog properties. Vory large numbers of small particles can deplet 
the insolation sufficiently to lover the earth* s temperature over a veiy 
long period of time. 

II. Objectives 

1, To stiidy the effect of insolation during various times of tbe day 
and at various seasons 

2. To study the effect of particle size on scattering of light 
III. Materials 

phot oc ell-mi lliametsr radiation detector* clear pplystyreene 'box with 
cover: ^ x k x 12 inches, one hole rubber stopper, 2 feet of tul>ing, 
light source, powder: lycopodium, alTHoinum, carbon, epoxy 

Procedure 

Cut a hole in the side of the boat and insert the rubber stopper {or 
drill a^.bole and epoxy the glass tube to the hos). Connect the rubber 
tubing to the stopper using a short pi^ce of glass. -Piace the light 
source, at one end of the box, a^nd the r&diatloh detector at tbe other 
end. Place the powder in the box and blow through the tube. Note the 
meter reading and relate this change to the size of the particles (see 
E-15). Try various powders an6 note their effect, (see following 
diagram) 

The radiation detector inay be set outside on a suitable flat surface 
and measurements taken dxiring clear days as compared to hasy or 
cloudy, polluted days. A normal" diurnal variation during clear dayiP 
and cloudy day& should be taken for a comparison standard. 



V. Data and Results 

1. Make up your ^own data and, result tables. 
. 2. Enter appropriate data in the various tables^ 



VI. .Quest Ions ^ 

l._ Which ty^e of particle^ light or dark^ itifluences radiation the 
roost'/ 

ERJC , 
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Continued 

2* Is the influence of particles radiation ri&lated to size? 

3* Which particle, ligli^ or dark vould cause a cooling effect of 
the. earth's surface? Which particle vould cause a vanning effect 
of the earth's surface? 



-209- 



B-ll* Testing the RadloactlYlty in the Atmosphere 



I. Introduction 

Huclear teijtlng above ground is .;apa'ble of Injecting radioactive 
particles Into the troposphere and stratosphere. The particles can 
be Scavenged from the atmosphere by precipitation r^nd sedimentation. 
The radioactive particles removed from the atmosphere can enter man 
through the food chain. When radioactive nuclei are absorbed by 
particles vhlch remain In suspension an Inhalation hazard also exists. 



II. Objectives 

1. To detect radioactivity In the atmosphere 

2. To measure atmospheric radioactive contaminents qualitatively 

3* To explore the heetlth hazard of radlc^actiVe particles In the 
atmosphere. 



III. Materials 

filler paper« Buchner funnel^ vacuum pump« rain scavenging pollution 
detector* 300 speed Polaroid film pack 



IV. Procedure 

Collect a sample of particles on a piece of filter paper using the 
Buchner funnel technique previously used in exercise B-9* Radios 
active particles so collected are detected by their effect on un* 
exposed 3000 spe*d Polaroid fila using the folloiring steps: 

1. Remove the film cover as if the camera vere to be used nometlly. 

2. Remove the pack from the camera In a dark room. 

3* Place the filter paper in contact vlth the film and return film 
pack to the camera for a period of 2.5 hours. 

li. Develop the flftn by the usual method. 

5* Save the filter paper and make exposures after 2U hours and 
weekly for four weeks to determine decay note. 

6. Count bright spots on film. What do these spots Indicate? 

7. Develop the next film In the pack. Is there evidence of 
exposure? How would you account for biright spots on the second film? 
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TV. Continued 

Use the rain scavenging pollution detector (see next page) to collect 
particles. Dry the filter paper and follow the preceding detection 
method. 

V. Data and Results . . 

. 1. Report your data as short and long half life particles^ the 
number of each and the number of each per unit volume.. 

VI. Questions 

1. During which season do you notice more scavenging? 

2.. .Do you :*ind a greater Incidence of radioactivity during violent 
thunder storm activity or during frontal passage? 



RAIN SCAVENGING POLLUTION DETECTOR 



Preweighed 




Unfiltered 
rain water 
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B-15 Particulate Sizing 

I. Introduction 



Often It is useful to know the size distribution of a saatple. The 
size distribution vlll give you some idea of the potential horizontal 
movement of the particles, the type of cleansing a^^paratus that vould 
be most appropriate and In some Instances^ the source of the pollutant. 

Sizes of Irregular part^lcles Is considered to be diameter of a circle 
vhose area Is equal to the area of the particle. These dlaateters are 
most easily measured vlth a graticule placed In the microscope eyepiece. 
Most graticules consist of a series of circles or a combination of 
circles and rectangles. The dlemeter of a particle is that of the 
circle which appears to have on area closest to the projected area of 
the particle. 



II. Objectives 

1. To determine size distribution of a particulate sample 

2. To Indroduce students to representing statistical data aiid results 



III. Materials 

microscope sllde^ petroleum jelly, graticule, microscope, powder as 
a sample, (as an alternative see: Ward and Reynolds, "Simplified 
Alrbom Solid Sampling** Th e Science Teacher , Vol 38 No 1 (Jan l97l). 



IV. Procedure 

Cover a clean slide lightly with the petroleum Jelly and expose It to 
a dusting of the selected powder. The graticule may be calibrated by 
placing a scale divided Into millimeters^ on the stage. A 1 cm. to 1 mm. 
circle may be found and, from the diameter ratios given vlth the graticule, 
the sizes of the other circles determined. One student may size while 
the other student records the data. The students may periodically 
exchange positions until the entire slide has been sized. 



V. Data and Results 

After all of the data is taken it should be ordered Into class boundaries 
(microns) and frequencies. 
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Class Member Claas Boundaries Frequency Class Mark 

(microne) 



1 


0 




1 


0.5 


2 


1 




2 


1.5 


3 


2 




3 


2.5 


U 


3 




U 


3.5 


5 


U 




5 


U.5 


6 


5 




6 


5-5 


7 


6 




7 


6.5 


8 


7 




8 


7.5 


9 


6 




9 


8.5 


10 


9 




10 


9-5 



A histograiD may be plotted of no. of particles vs. particle 
diameter. 

Questions 

1. What is the arithmetic mean for your data? 

2. What is the mode? Median? 



3. What are some methods of representing the spread of your data? 



B-16 Analysis Using Sedimentation Foil Data 
(•HYE Project) 

I* Introduction 

In nany instancets available data nay ^be used to supplement ah 
experiment or to replace an experiment where time and materials 
prohibit the actual experimentation. A further gain can be made 
vhen students analyse published data and extrapolate the data or 
infer conclusions trcm the data. 

II < Objectives 

1. To carry out an analysis of sedimentation foil data. 

2. To extrapolate and infer conclusions from another person's data. 

III. Materials 

Data and charts included in this laboratory experiment. 

IV. Procedure 

1. Transfer foil data of tons per sq. mile per month to township map. 

2. Locate areas of similar levels of pollution. 

One suggested technique: 

Pollution Level 
Color Code (Tons/sq .ml/month) 

Red over 16 

Yellow 12 - 16 

Green 9-12 

White less than 9 

3. Add wind rose data ft*om Schenectady and Albany County Airports for 
the sampling period to the map* Use a transparency overlay or trace 
onto township map. 

k. Add topography data to the map or place transparency over the map; 
or trace in details. 

9. If additional data can be noted or collected an the sites of in- 
dustrial plants that have large staclc effluents* place their locations 
on the laaji. 
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•Source ^ :vOC Join in Air Pollution Survey* by Dr. V. Mohn^n* 
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Questions 

1* What relationships exist tietveen pollution lerels and prevailing 
wind, topography and industrial sources? Which has the greatest 
influence? 

2. What are the ten most polluted areas and their pollution levels the 
ten least polluted areas? 

3. Where vould you choose to^uy or huild your hoaite? What other factors 
nnist he considered? 

Hew. much pollution does home type heating contri^bute to the air as 
cpnipared to industrial effluent? Does the map analysis give any in- 
dication? CoDspute the actual saiouiit of mass on a typical 9.3 mg foil: 
1) due to home heating; 2) due to industries pollutants. 

5* How would you expect the pollution levels to differ in summer, 
fall* winter? 

6. Determine other weys to coannmicate with others the meaning or 
impact of the data collected (see eoarple coisputations) . 

a) Convert mass increases on foils to tons; tons per square 

mile per month, 
h) How maqy railroad cars would he needed to move this air 
pollution sediment away from the saaipling area? To irhere " 
would you move it? How much would it cost? 

7* What size of particles found In the atmosphere does this technique 
measure? Why? What other particulates are present? Which sizes 
should we he most concerned ahout? Why? 

8. If afterburners were added to the major stack effluent soiurces in 
fthe area, what would he the effect on the weight increases found in 
the foils? What does the afterhxirner do to the size of particles 
emitted from the stack? Does .it reduce the total mass of materieil 
injected into the atmosphere? 
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FOIL DATA 
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Humaoities Projects > EcviroiuDental 
Pollution and Literature 



1. Use of a Poetry Unit in Environmatal Studies 

2. Model tor Possible Unit in English for 
Teaching Some Ecological Considerations 

3. Model for a Unit in Life Styles 
h. Modsl for a Unit in SananVica and 

Environment: Language in Vhoxight and 
Action, tiy S.I. Hayakava 
5. Model for Critical Heading: Unit 



C-1 Use of g Poetry Unit in Etavironmental Studies 



_Fire' and Ice 
j ► — Robert Frost- 

Some think the world will end in fire; 
Some think in ice. 
From what I've tasted of desire, 
I hold with those who favor fire; 
But if It had to perish twice, 
I think I knov enou^ of hate 
To say that, for destruction. Ice 
Is also great . 

And would suffice. . ^ 

The scientist came to our school and spoke at an assembly, 
telling us about air pollution. He pointed out that man. and plants 
are interrelated In a^heat little cycle in which man (and the other 
animals) inhale air and exhale (among other things) carbon dioxide, 
retaining oxygen for his own combustion purposes. 

Plants, onj^he other hand, consume carbon dioxide in the process 
of photosyntliesis, excluding oxygen which then is available for animals. 

Plants, it was implied, could exist very happily without man 
(and the other animals), but loan really needs that oxygen that .the 
plants so cheerfully provide. 

All of this interaction takes place in a gaseous mixture we call 
"air" which we tend to take for. granted as soaiething that is there, has 
always, been" there , and presumably will always be there. But what is 
this thing called "air?" 

. ' ' . ' - . ■ ^ " 

> Mostly air turns out to be nitrogen which does not concern us here 
at the moment. Oxygen does concern us, and, if we take a sample of wl^atJ 
someone claimed was clean, dry air gathered at sea level, we find that 
2Q,9k^6% of it is oxygen. Carbon dioxide concerns our friends, the 
plants, the oxygen processors; their ishare of the air, the CO2, comprises 
0.03lU^ of the volume of clean, dry air gathered at sea level. 

All well and good, and as long as man was content to confine his 
combustion activities to breathing, not much happened to affect this 
balance. But m^ is In love with combustion. From the moment his 
big brother Prometheus brought him fire , man has been burning something 
someplace: first, perhaps, for warmth; then, to prepare food or scare 
away sabre toottj tigers or both, ^e and bye. he discovered that he. 
could- get his fires hot enough to melt certain rocks, and metallurgy 
was born, and so. on to that ultimate in combustion, the age of technology* 

The scientist pointed out that as a result of our enthusiasm for 
combustion we were throving a lot isore carbon dioxide into the atmosphere, 
than would have normally been occurring. Then he began to speculate on 
the implications" of the increase of CO . 
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He postulated two possibilities* We could throw enott^ CO^ 
In the air that it could ab8orl> ratber then reflect more of the bud's 
radiation. This could cause a gradual beating up of the atnosphere, 
vbich In turn could cause a greulucJL melting of glaciers. Ice caps, 
and other frozen vater repositories. Where would the water go? 
Ultimately to the oceans which, in turn, would rise, creating real 
estate problems on shore fronts, joassive changes in harbors, and so on* 

Reducing this to an absui^llty, one^envlBicais the Entire State 
B\iilding be used as a mooring for the Queen Elizabeth, instead of for 
the Good Year Blimp. 

Seriously, the geological changes which would ensue from such a 
catastrophe would create as much of a change as any of the great 
geological temperature shifts of the past. 

But suppose, the scientist went on, that all the CO^ did was 
create > eilong with other particulate matter, a shield through which . 
less of the. sun*s radiant heat could pass? Suppose, that what pcciirred 
was a great chill? ("Some think the world will end in fire, some >vhink 
in ice.**) Then we would go hack to oiir next ice age that much sooner. 

The scientist didn't come to any conclusion,. but he left MB with 
a lot to think about . We went back to the room and decided, that having 
beard from the scientist, maybe we*d better get a reeullBg on the problem 
from the poet. 

"Swne think the world will end in fire;" 

But which fire? The slow bum of the excess carbon dioxide? The 
quick flash of thie hydrogen, bomb? The transcendent glory of owe sun 
becoming a super-nova ^ — perhaps to be the Christmas star for some 
other planet in some other solar system In oiir galaicy? 

And why fire, anyway? Frost says: "from what I've tasted of 
desire, I hold with those who favor fire." At first, that's ibrt of 
romantic — burned oxct with passion, as itiwere* But is that the kind 
of desire that produces the fire that destrctys the world? Whet desires 
do we have that destroy? 

Well, there goes the rest of the period* Do not take more than 
one period to list the 1,91|2' desires of man that ultimately generatfe 
more combustion^ and consequently more CO^. After you and the class 
have listed, a lot* you could groiqp them into categories like transportation^ 
Industry, individual consumer desires and So on. 

"...I think I know enough of hate 

To say that, for destruction, ice - 

is also great .. r" 

It's funny about hate* If you want to simplify (over simplify)? 
the state of the world, you can say that the hate that leads us to 
napalm, the ICBM, and the hydrogen bomb could lead to the destruction 
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that FVost feels is a possibility. But you never see the word "hate'* 
in a Scientific Joumetl. '*Hate" is hot a scientific word: in fact, 
even to mention it in a vaguely scientific context seeins like bad taste* 

Maybe that's part of the prbblem* Maybe we aren't going to work 
our way out of the! "Fire and Ice" dilemma until the scientist is able 
to acknowledge that desire and hate are operative factors in the world, 
even if they are not subject to laboratory demonstration* And maybe 
the rest of us^ cannot learn to deal with desire and hat a end their 
combustible by-*products until ve gain a little of the scientists' ability 
to measure and count and identify. 

Perhaps, until we learn to blend what both the scientists and the 
humanists perceive as the way the world is, we will continue toward the 
destruction which is the subject of Frost 's poem* 



C-2 Model for Possible Unit in English 
For Teaching Some Ecological Considerations 



Objectives; To teach social criticism through; 
a. satire 

discussion of implications of satire 
c. discussion of social action of various types 

Materials: Kurt Vonnegut Jr., Cat's Cradle 

Resources: Library, Av Department, outside speakers, etc- 



Cat's Cradle Is a novel which can be taught to bright tenth 
graders { honors level ) and Juniors and seniors* It can be called 
science-fiction, but we prefer to think of it as satire since i* 
makes a strong social commeiitary on the irresponsibility of a certain 
type of thinking prevalent in our society — m^ybe an irresponsibility 
that is part of man's "natural condition/' 

The central figure In the book Is a scientist who enjoys pure 
science as a game (Cat's Cradle?) that he plays with life. His pre- 
occupation vlth his game keeps him first of all from any normal father- 
child relatlonmhip that his children are all physically unusual or 
grotesque. * 

More important is the fact that he has Invented or discovered 
a form of water vhich turns to Ice at a relatively high temperature. 
This he calls ''ice-nine." Ice-nine, we quickly learn, has the property 
of converting all water to Ice-^nine as soon as it comes Into contact 
with normal water. Ultimately, we realize, that ice-nine could solidify 
the whole vorld. 

Throughout the book we are aware that the scientist has no concern 
for the consequences of his discovery. He is merely amused by the 
cleverness of his discovery. Eventually, through ice-nine, the world 
as ve know It is destroyed. 

I. TeachinjLthe Book 

Since it is short, two or three days at the most Is necessary for 
it to be read in. It would be well to read the first chepter out loud 
with the students to help them with any difficulties they have with 
Vonnegut 's style. The main difficulty will be with the literal minded 
student* Probably a class session should be spent on the discussion of 
the ironic tone of the book, since it is through irony rather than direct 
statement that Vonnegut makes his points about social responsibility. 



II , Discussion 



Probably any discussion of the Id ea of the book should be postponed 
until ^'i' - iLi:^ has had a chance to read it riear through at least once. 
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II. Discuss ion (continued) 

A. Discussion of the central character 

1. What kind of person is he? . 

2. Do some people make such in^ortant contributions 
to our Society that they should hot be held ac* . 

; j\ countable for normetl societl responsibility? (For 
^ w students who have read Criae and Punishment this 

is the question Raskblnikov raised which leads him 
to commit his crim^. See olso "The Snow Queen" by 
Hans Christian Anderson. 
... : . ■ , V ' ^ ^ ^ ■ ■ , 

3* Encourage the students to come up with their own 
examples of social irresponsibility- You will want 
to distinguish between the kind of irresponsibility 
that probably cannot be avoided because in^ilications 
of an invention or innovation cannot be projected 
from exist-information, and the kind of irresponsi- 
bility which refuses to examine obvious problems that 
will probably arise. 

Suggested examples: 

a. McCormack and the reaper: This made it possible 
■to exploit large areas of land. .Originally, it 
was supposed'Ho make It possible for one man to 
produce morcf from his efforts. One probably could 
not have projected dust bowls and Insect problems 
" from this invention which was to spare man from 

backbreaklng labor. 

' b. The cotton gin: This had the effect of locking 
' much of the South into a^ ccftton ecohony which 

perpetuated slavery (leading ultimately to Black 
Power: ), stripped the soil, etc. 

c. Ford, automation, and the Five-dollar day. What 
■ did that do to the air I ^ 

. d. Keep one. There are many more. 

I 

1*. The problems created "by social responsibility 

a. Robert Oppenheimer and his desire not to work 
on the hydrogen bomb. 

b. Harry Truinan and the difficulties he ffeiced In 
deciding to drop the atomic bomb on Hiroshi^. 



J B. Warnings 

1. To^keep this respc^sible It might be well to asf^ign 
\ reports. As different items of discussion come up, 

different students may research different it^ms, ac^^ 
O cording to their Interest. The histbricetlly oriented 
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... ^ r 

saight research individueil contritutions — 
cotton gin, etc. The literaxy types . coiild explore 
suggested items of literature — Jonathan Swift's 
"A Modest Proposal," etc. 

The English teacher vill not have the time to make 
herself cognizant of all the ecological in^^lications 
or sociological implications. She (he) will find that 
social studies teachers, especially those versed in 
economics will he usefull as guest speakers or as. 
idea sources for herself^ 



C. Political Action 

1. This can he handled hy the English teacher with a 

strong social studies background or in a team teaching 
situation vith a social studies teacher. 

.2. Begin with discussion of social^ responsibility on the 
home level, school level, community level. Find out 
where your kids are in their thinking. If they* re at 
the school level you can explore school problems. 
Example: One^ school- we decided that it would help to 
shut down the school incinerator. A student committee 
discussed this with the principetl. He got permission 
from central administration to shut down the Incinerator 
for two weeks. This turned out to cost $19.00 a veek 
for a **dumpster.** Uext year the same student, committee 
is going to explore ways of cutting school waste. It 
has already gotten the office to publish the school 
absentee list and the school bulletin on both sides of 
one sheet, rather than on one side of two sheets. This 
saves a ream of paper a day or l80 reams a year. (What 
does a ream cost? How much do l80 pollute?) _ 

3. If they're at the community level things open up. v 

Examples: We brought in a sewer ^'exj^ert^* from the city 

' who told-u& .of the city sever system and projected plans 
for its improvement. We learned about primary and sec- 
ondary treatment. Later research by one student revealed 
that secondary treatment has its drawbacks. We began to 
learn about /writing to government of ficials. We learned 
to understand how bills get through Congress or the State 
Legislature. We learned that we needed to read the daily ■ 
paper (one student was assigned to clip pertinent legis- 
lative items from ffhe Mlfr York Times and keep them in a 
vertical* file for reference. ) Class time was alloved" 
for writing letters to legislators c Answers were posted"^' 

' on the bulletin board. We began to learn to make Judgments 
about legislators from their,, voting re<:ords. 



D. Elocial Action 
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a. Quality versus quantity 
t. The car as status symbol 

c. What happens to the econojiv if people start 
demanding quality? If they consume less goods? 

d. National parks, over-crowding, littering 

2. What price clean air? (This, must be open-ended. The 
teacher is there to expose options, to open up areas 
of thou^t, not to sell any particular way of life). 



Ill, Back to Literature. Thoreau, anyone? 
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C-3 Model for a Unit in Life Styles 



Thank God men cannot as yet fly , 
and lay. w&ste the sky as well 
the earth* 

Henry David Thoreau 
(1817-1862) 



Model for a unit in English or humanities. By examining two 
extremea in life style ve hope to focus attention on the fact that 
varying life styles exist, that they produce varying side--effects^ 
and thrt our involven^nt with our own life style is basically un- 
critical unless ve take a look at it arid learn to examine It* 

In order to explore a variety of life-styles It might be useful 
to examine different concepts of what constitutes the Good Society. 
We frequently oppose our own American way, which ve associate with 
"individualism^** "free enterprise," and other such ideas, with the 
way chosen by countries which we describe as "collectivist,** ''conmmn- 
1st," "socialist/* or "totalitarian." ttafortunately, we tend to 
over-gen eretlize with all these expressions ^ failing to see that 
severetl of these words contain concepts which may have qualities for 
I?oth good and ill* We hope to avoid such confusion- in this unit. 

Walden by Henry David Thoreau is an extreme example of indivi- 
dualism carried to a limit! From it one can generate many questions 
about the advantages and disadvantages about individueilism. Walden Two ; 
on the other hand, , is a description of a society in which the indivldu^il 
is accomodated as happily as possible to the needs of the total com-, 
munity. It is a "collective society, without necessarily being a 
totalitarian society. 

Needless to say« one could use two other books or sources for 
a starter in getting students to examine the Good Society. We have 
included other titles* and suggestions for use, in. the bibliography 
which accompanies this unit* We are not trying to give otir version of 
the Good Society; ve are merely trying to set up a situation in which 
good questions can be asked,^ and in which students can be led to begln^ 
to develop their own sense of what constitutes for them a good society. 

Objectives : ■ 

1. To arrive at a definition of a Good Society. 

2* To get some sense of the ''Trade-offs" that we make* consciously 
or unconsciously, in order to arrive at an optimum life style 
for ourselves and for the community* Probably ve need to explo 
hov far we extend the concept of the community*^ Our town? Our 
state? Our nal;jon? Our world? 

5* V- f^^--^' f5f^ns*f! nr hov an unthinKlnH; f^hoice of* lire ytyLt? crifi 

p^^^'^i^i^^^' ^\Tfi'A*{i^ tout may. u.l iJhiFt'.^,M y cii/?i t.roy th^ |]r"":i:.yfe 



To iiivolve the student very deeply. Many schools require \ 
a Jirnior or senior essay* research paper, or the like. We 
propose that this \mit be used as a Junior or senior project , 
and that time in the curriculum be alloted for extensive 
searching. ^ 

Such an involvement should be highly individueilizedr We 
envision a situation in which one student might be off in 
one direction preparing an annotated bibliography of twenty 
of the world's great Utopias* while another is working in 
close cooperation with the science department of the school* 
or with the engineering department of a nearby university 
on methods of producing housing_through the use of rammed 
earth. 



IP WE ARE GOING TO TRY TO TEACH STUDENTS THAT EVERYTHING IS INTER- 
CONNECTED, WE ARE GOING TO HAVE TO LET THEM TAKE ON A WIDE RANGE OP 
PROJECTS TO INTERCONNECT. 



Materieils : 

Class sets of Walden and Walden Two . Class sets of The Environ- 
mental Handbook and "Ecology: Making Peace with Nature and Each Other. 
Make assignments according to the level of your class. Pew high school 
students can read Wistlden all the way through. We have found it best to 
assign the first two chapters, and then to let those who get ^hooked on 
Thoreau go ahead and read as ittuch as they want. 

Resources; Life S^yle Bibliography 

If this unit is being taught for only a few weeks, single copies 
of these books in the classroom or in the library should bie sufficients 
If you plan to extend the unit to cover ten weeks or a semester, it 
would be veil to have multiple copies of Language in Thought and Action 
Siddhartha , I s i*n_d , and The Subversive Science . Magazine articles 
are included^ also. , 

Pilm strips: Another method of expanding this unit to a full 
course could be to use it in conjunction with The New York Times sound 
film strip series, ''Crisis of the Environment r^'^ Each one of the film 
strips could be used to extend the time of the course for one to ten 
days, depending on how deeply one exploited the possibilities suggested 
by the film strip and the accompanying teachers' guide. 

We have inserted into the study guide mention of the film sttip 
at tinws where it might fit in. You may discover other ways to use the 
series whjlch you faal ar^ morti fruitful. 
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Method : 

We can think of Walden as eii>licating an individualistic life 
style; Walden Two unfolds a collectivist life style. A day could be , 
spent on these two terms edone» since mauy of our decisions, political » 
economic and social, depend on our conscious or unconscious allegiance to 
one or the other point of view. 

Briefly the individuetlistic concept of the good society can be 
summed up in the idea of everyone *'doing his own thingV l*his is what 
ve see in the "hippie" communes* t>ut ve etlso see it in laissey faire 
economic theory. It is certainly part of the American ^^srthology: all 
kinds of images come to mind: rugged individualism, "go West, young 
man," the "self-made twin"* It is an extreajaly American point of view. 
It would be vorth vhile to spend class time exploring this, and the 
different aspects of the culture that are suggested by it. , 

Certainly, in Walden , Thoreau is "doing his thing." Be sure that 
-the students understand ttiat the "thing" is that he is doing. He is 
not an adult boy-scout. Bear in mind his statement from his second 
chapter: 

I vent to the woods because I. wished to 
live deliberately, to front only the essential 
facts or life, and see if I could not learn what- 
it. had to teach, and not, when I came to die ,. 
discover that I had not lived. I did not wish 
to live what was not life, living is so dear; nor 
did I wish to practice resignation, unless it was 
quite necessary. I wanted to live deep and suck 
out all the marrow of .life, to live so sturdily and 
Spartari-like as to put to rout etll that was not life, 
to cut a broad swath and shave close, to dFive 
"life^ into a. comer, and reduce it to its lowest 
terms, and, if it proved to be mean, why then to 
get the whole and"^ genuine meanness of it, and pub-^ 
lish its meanness to the world; or if it were sub* 
lime, to know it by experience, and be able to give 
a true account of it in my next excursion. 

In order to do this, Thoreau stripped life activity down to what 
was needed to maiitain his body heat. On this basis, be could then re- 
introduce to his life those other things beyond food, clothing, and 
shelter tliat he needed for his own gratification* 

It is veil worth the time to ask the students what the first thing 
is that they would add to their lives, as soon as minimal food, clothing 
and shelter had been provided. This might even be the subject of a 
short essay- "The first three' things I want" sort of thing. Or, group* 
ing the class into small committees* each committee could cone up yith 
its three things and present them to the class for discussion* 

Out of these could grow an examination of the kinds of. things 
vanteti, large generalities should be allowed ("a ficiiiplete electrified 
.iia^ri c three things have to be r<?littiyely spocvlfic: (i ea^, 
'^Vj n L pfrr-iionaJi library, matfrriai*; to qaint v?i*'^'i, ^r^^.^ 



These discussions shotdd fairly productive. Perhaps it 
might he veil to give the ^'wy three thing" aBsignment both at the 
beginning and at the end of the total unit. 

Inplications of the *^things" should be discussed. For exangple, 
if most of the class has a car or a motorcycle ae one of its things, 
vhat implication does that have for the atmasphere? in other vords, 
is it possible to do the things ve vant to do vithout inrpingiag 
(infringing)? upon others^ vants, rights, "things^? 

At this point, if time and facilities permit^ one might plan 
a field trip, A field trip is a highly individualistic thing. It 
should only be done by a teacher whose personal schedule is flexible 
enough to handle thi^ kind of a disruption, ^e class should only 
be taken to a place that the teacher is already fsstiliar vith. Only 
interested teachers should be invited to co-chaperone. We shall des- 
cribe one that ve have done and one that ve are contemplating* 

A. On Earth Day tvo teachers guided a ijroup of tventy-five students 
on a bicycle trip. Our destination vas the State Capitol. Ve 
had several puirposes: 

1. To escort one of the students vho vas part of the Earth' 
Day mock legislature.'^ 

2. To vatch the governor sign the Environmental bill, and 
dedicate the Capitol's nev bicycle rack. 

3* To demonstrate that non-polluting transportation exists 
for relatively short distances* 

This project reiiuired tVo teachers vho vere interested. One rode 
a bike; the other foXloved behind in a station vagon to pick up any 
casualties. It required a dittoed map of the projected route so ve 
could find each other if ve got separated. It required the usual 
permission slips and communications, letting parents, administrators, 
and the police of tvo counties know vhat ve vere doing. 

B. We are planning a field trip to an area ten miles from our school, 
the Bozen Kill-. This is an extremely lovely stream-vaterfall- . 
gorge-voods area vhich is currently threatened by an interstate 
highya^; We hope to demonstrate to the students Just vhat kind 

of thing has happened in the past, and vill continue to happen vith 
the indiscriminate planning of highvays. 

This trip needs to be thought of in tenas of "Trade-offs^' and 
other options^ Do ve need an extension of the highway badly- 
enough to give up an irreplacable wilderness spot? more high^ 
vays the only alternative to our transportation difficulties? 
What is involved socially, economically, politically, by increasing 
opportunity for private transportation? 'Tor public transportation? 

At this point.one could alsq introduce the first film strip in. 
the Nev York Times series: '"Man: An Endangered Species*" One 
could merely shov it and have a discussion, or one could expand it 
into a sub-unit, if time permitted. 
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II- Waldej3 TvQ presents us with a projection of a collectivist concept 

of Good Society. Skinner puts forth a number of socially provocatiire 
ideas, based on his experiences as a behavioral psychologist. He pre-^. 
sents his ovn argiiraents in favor of his theories; if you want an antidote^ 
try the Measure of Man by Joseph Wood.Krutch. 

Walden Two is a small Utopian society which "is -governed on the 
principles of social engineering. Behavior is directed by subjecting 
children to positive reinforcement of their good behavior. The book is 
placid and rational, making &n honest attempt to imagine a society in 
which everyone wants to be weUl-behaved, in which all menial Jobs are 
divided among everyone, and in which most community needs are provided 
by the community itself. It is rich in thought -provoking ideas for a 
''good society.** It raises ^luestions: Can. human behavior "be "engineered**? 
Would we want it to be, even if it were possible? What loses might we 
envision? How would Thoreau behave in Walden Two? 

Here Again we turn to the students. Again they could be led to 
individual essays , or to small group work after which they would present 
their findings to the class. What would be the benefits to the world of 
such a society? Is there reeilly a loss of individueility in euch a social 
structure? How much individuality should we surrender to make life a 
little nicer for the whole society? If we are properly **conditioned*' 
a la Skinner, would we feel a loss to our individuality? Would such a 
loss be any grater than the losseft suffered lay people imder our system 
as it exists? Who does what in our system? 



III. TSift Good Society 

A. Cosmpile with the class (In small groups or altogether) list 
of biological beatitudes; 

1. It is better to be alive than dead. 

2. It is better to be well than sick. 

3. It is better to be nourished than hungry (to what extent?). 
1*. It is better to have a comfortable temperature surrounding 

us than to be too warm or cold; 
5- Etc. 

Expand these a lot. Ten? Twenty? Can the class assign relative 
value* to thuet Vhat order vould th<y pw* th«m int 

Fila strip opportunity #2^ This is a point at which one could use the 
second New York Times film strip: "Breaking the Biological Strand." The 

same opportunities for expansion exist as did before. 

1 

B. Try to arrive, with the class, at a definition of **Freedom/* 

. What distinction do they perceive between ''freedom** and ^liberty?** 
What response do they have to the following ideas? 

Freedom is. the capacity to act. 
If we cannot be free socially, we cannot be free. 
Liberty arid freedom must be distinguished; 

a. Liberty, is the removal of constraints. . . 

b. Freedom is the capacity to act. 
The individual *s liberty may have to be restricted to provide 




1, 
3. 



-236* 



freedom for all.^ 

Use the essay, "The Tragedy of the Commons" in The 
EtaTironaeptal Handboolc , at tbis point. The class might 
conqpile a list of liberties we have alreacly relinquished 
for the good of the group (the liberty of choosing our 
, own speed in a residential district versus the freedom 
of the residents tp not be killed "by speeding cars). 

5. Are the "demands'^ put forth on many campuses today demands 
for freedoms or for liberties? nftre all such demands valid? 
How many if any encroach on anyone else's freedoms? 

6, Another Film strip: Part III, "Vanishing Species" can be 
used, as part of the ejqploratipn of the interplay between 

. our desires and our encroachments. 



Individualistic versus collective societies . 

1, If one of the things that the peraon in the individualistic 
society wants is a fast car, how does he go about getting 
it in a completely individualistic society? Does he build 
his own? Hov? Can there be such a thing as an automotive 
industry in such a society? Do corporations assume prerog- 
atives of individuals inl our society? 

How does the person in our present day society who wants 

to live like Thoreau go about getting pure air to breathe and 

pure water to drink? 

2, If one of the things that the person in a collectivist society 
wants is a certain degree of individuality ond non-conformity, 
hew does he go about achieving Itt 

3* We think of the pioneer days in America as an individualistic, 
self-sufficient situation. If you didnH like the way things 
were, you could move on. (Turner Thesis?) On the other hand, 
we* tend to think of collective societies as being akin to 
comiminism (Russian style) and to toteilarian foz*ms of government 
This is not without some foundation. Certainly as we surrender 
. some liberties for some public good, we are getting away from 
the pioneer dream. /, 

On the other hand, we seem to lilte our industrialized society - 
or at least some aspects of it. Like what? 

Question : Can we have an interdependent industrial society, 

with its attendent goodies (cars, air conditioners, 
phonographs [sorry! stereos* ]) without giving tip . 
some of our original liberties? 

Problem : How to strike a balance between the individualistic 
and the collectivist life styles^ 



THIS WILL BE THE PROBLEM FOR THE REST OF. YOUR LIFE. 
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And at this point we can once again introduce a film 
strip. Part IV, ^'Presei've and Protect.'' 

^. At this point one might distribute class sets of "Four 
Changes" by Gary Snyder and of Allan Bcrube^s "Ecology: 
Making Peace with nature and Each Other." While these 
. are relatively short papers, they are thought-provoking 
and raise many questions which the class needs to consider 
as it gropes for its definition of a Good Society. Plan 
to take at least a week in exploring, the implications of 
these papers . 

:Ask students to conipile their own list of, discussion 
questions from the two papers • One way of approaching 
this would, be to suggest one list of things they definitely 
agree with, another of things they disagree with. 



IV. What do we want and how do we go about getting it?^ 

This is the point at which to launch people into their individual 
projects. ' An annotated bibliography could be distributed at this point 
for those who wish to read further. Various ^projects recoimnend them- 
selves. 

A. The standard "paper"; This could take the, form of an additional . 
annotated bibliography, consisting of items which show an explora- 
tion in greater depth of any aspect of the whole picture — like 

a list of readings in Utopian literature. 

B. The preparation of a scenario or series of scenarios which project 
in dramatic form possible answers to the question "What if . . 

1, What if we continue our population growth at present rates 
and our consumption of natural resources, with no restrictions 
on the use of air/ land, and. water as dumps for wastes? 

2. What if we ban the use of the internal combustion engine after 
1975? 

3* What if we switch from fossil fuels as a power source to 
atomic energy and then discover that our computations about 
the radiation safety of atomic power plants were all wrong? 

^. What if we made a law that no private cars could be driven 
within the city limits of a city of 50,000 or over? 

5* A selected bibliography of science fiction has been appended. 
The works were selected because each one is a creative response 
to the question "What if . . 

C. Mock legislatures: These need to be preceded by some study of how 
legislation is generated. If possible, get a locetl legislator to 
conae and talk to your class or to a group of classes. We have 
taken small groups of students to the State legislature to watch 

Q what , goes on. At any rate, let them understand the concept of 

getting up a bill, the existence of various committees, expert 
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testimony, etc. Then lt:t them form their own legislature 
committees to identiiy problems in the society, to gather 
information about the problems, and to formulate legislation 
designed to eradicate or modify the problem. 

^Hien, if you really want td live it i^p, get one class^member 
to contact one or iibDre legislators to see if it would be 
possible for the class committee to testify at a hearing on 
that type of legislation. This can be done;.vhen It is done 
it is an unusueilly rich learning experience for the students 
involved. Obviously, it's only feasible if you live within 
a sensible distance from a legislative body. 

D. Let one oi* more of the students use the last film strip in 
the series. Part V, "The Population Explosion*" and develop 
a teaching plan on populatfon for the whole class* 

E. Creative writers might bry re-writing the continuity for. 
some of the film strips so that they could be used with 
elementary school children or with, other classes. After 
writing the continuity, they could have a student who speaks 
well make a tape recording of the continuity to accompany the 
film strip, . 

F. Introduce students to items in either of the bibliographies. 
Let them- report orally or in writing on one or more" or the 
books. If each student-has a copy of the list he will be 
able to mull , over his choices.. 

G. ■ Otherr This is wherei your imagination and your resources, take 

over. For exaiiple ; If youUiappen to have a lot of caioera freaks 
around* you may be able to do something with film. A good art ^ 
department can produce things you never dreamed of. 

If you are . working on a team, each member should have a copy of 
the study guide. You may discover that different people see . 
different possibilities. Pool your resources. Don't do it alone 
unless you're a real Renaissance man. 



When it's etll over* you might ask for a brief paper from each person: 
''The three. things I want most* after the basic necessities, in the 
light of what I've learned in the last six (ten) weeks". 




NOTE: See Section P - Appendix for Life Style Book List 



C~h Model for a Unit in 



Semantics and the Environment 



OlDjectives: To Increase knowledge of seme iDasic principles of 

communication. To apply these principles .to environ- 
mental prclilems ; 

Materials; S.I, HayaJrawa^ Language in Thought and Action , New York, 



Resources : 



Mass media 



Semantics units ;aay be taught in little or in bi^, modules 
depeading on the nature of the class » the infilinations of the students, 
and the time available to the teacher. Let us assume that the teacher 
merely wants to- teach enough semantics to sharpen students* critical 
reaction to . information in text or advertising in television, radio, 
magazine and newspaper. 



I. Preliminary l^eading 

A. Language in Thought and Action , Ch. 2 — "Symbols*" In this .. 
chapter Hayakawa describes the symbolic process. He quotes 

. from r^sanne Langer: . , 

This basic need^ which certainly .is obviouB only 
in man, is the need of ^ymbolization . The symbol- 
making function is one of man-'s primary' activities 
like eatings looking, or moving about. It is the. 
fundamental process of the mind, and^goes on all 
the. time . 

Particularly important is his discussion of how pervasive the 
symbolic process is, For example: The femetle teacher reading 
this outline is going to be concerned in some measure this 
year with the distance of the hem of her skirt from the floor. 
Since such length has nothing to do with comfort and little 
to do with modesty, it is obvious that the question of the 
hem length is a symbolic one. Any way she wears her skirt 
will be some kind of. symbolic statement.* If she wears a "inidi*** 
she is fashion's slave. Is she keeps her skirts short, she 
is careless or indifferent- 

For the purposes of this unit, the chapter gives enough under- 
standing of the symbolic pi^cess so that we can understand how 

people cai^ use syaibols to inTlu€5n;:e o^jir .thinkiuij, 

B. Lanjguage in Thought and Action , -Ch. 3 — "Reports, Inferences, 
Judgments.'* . . 

If you realy want to help your students clarify their thinking^ 
this chapter will do about as much as any thinking in the field 



of humanities that ve can think of. Haya'^cava shows 
through lucid exaniples the difference between verifiable 
reporting, and the almost continuous inference and Judg- 
ment making that ve indulge in, under, the illusion that 
ve are thinking. j _ ' 

Again, the chapter provides semantic tools for examining 
information to vhich ve are exposed, in order to test it 
against reality. 

He touches on"slanting," the technique of using selected 
factual material to bring. forth a specific reaction in the 
reader. ' ' 

An interesting exanrple of "slanting" can be shovn if one . 
vere to. make- a collection of all the advertising that has 
appeared in the press in I969 and 1970 about bal^ seetls. 
. ^ The first ads appeared, sponsdred by a save-the-baby-aeal 
group. It displayed a pitiful looking bat^ seal, obviously 
torn from its mother. The' advertising copy described the 
brutality of the means of killing bal^ seals: they vere 
clobbered over the head and skinned alive in order that the 
pelt vould be at optimtim beauty. While the ad was "factual," 
it vas alBo- slanted, since . words like "clubbed" vhen connected 
vith baby anythings (except spiders) cause a profoxmd reaction 
in many people, especieilly vomen. 

Another interesting, example of slanting can be foVmd if you 
look up the ads prepared as a response to the outraged cry 
that vent up from animal lovers , girl scouts , and grandmothers 
ail over the Ufiited States and Canada, These ads employed 
the same tefchnique: counter-symbolism and counter slanting. 
To counter the over-povering symbol of the pathetic baby seeil, 
they came up with the rugged pioneer symbol of the stalvart 
seal fisherman, braving Ihe vilds of Northern Canada to eke 
^ out a precarious living. This ad's slanting consisted of a 
little ecology lesson in vhich ve learned that , left to their 
own devices, seetls breed indiscriminately, producing young that 
may starve to death or fall prey to sharks. Hov much more 
merciful, to glre the fiuick tap on the head, freeing the bat^ 
seal from the perils of arctic life. 

II. Discussion and Activity 'cs 

A. These must be intertvined as activity should lead to discussion 
and discussion to activity. 

B. In connection vith reading: Be sura that the students have 
worked through the ewrcises in Language in Thought and Action . 
Devote some discussion to these exercises until everyone is able 
to handle the vocabulary. 

C; Have the students start their own collections of semantically 
. interesting events in the media.. . 



Social Science Projects - Environmental Pollution 
and Social Science Disciplines 



1, A SajBple Approach to the Problem of Air 
Pollution 

2, Model for a: Unit on Human Values: 
Bigger is Better 

3, Societal Problems for Claris- Discussions 

a. Social Ingjlications of 
Transporat Ion Problems 

b. Model for a lAiit on Individualism 

c. Model for a Unit on the Industrial 
Revolution 

d. Model for a Unit on Legislation 

e. Model for a Unit on. Societal 
Ecology * ^ _ ^ 



C-5 Model for Critical Reading Unit 

To improve critical reading of eaqpofiitory materietl by 
examination of the voice and tone of such materieil. 

Examination of three essays relating in one vay or 
another to atoiaic radiation. Specific attention is 
paid (l) to the qualification of the authors^ (2) the 
tone of each essay, and (3) the voice of each essay. 



Gofman^ John W. and Arthur R. Tamplin« "Radiation: The 
Invisible Casualties/' Envirooaent 12:12-19^ 1*^, April, 1970. 
Rapoport, Roger, "Catch 2U,lt00 (or, Plutonium Is Vy Favorite 
Element)" Ramparts ^ pp. 1&*21, May, 1970. 
Seaborg, Glenn T.> "The Environment: What to Do About 1^" 
Vital Speeches of The Day . XXXV: 511*-520^ June, 1969. 

The Men - In arriving at an informed opinion, the student ne^ds to 
)aiow who is talking or writing, what his qualifications are for 
discussing the subject, what his possible lias is likely to be. How 
do we go about getting this information? Does Who's Who ^ for example, 
give us all we vant to knov about such people? 

A. John W. Goftean * formerly Associate Director of the Biouedical 
Division of the U.S. Atomic Energy Coonaission's Lawrence Radiation 
Laboratory at Livermore, California. How Professor of Medical 
Physics at the University of California, Berkeley. 

B. Roger Rapoport - free-lance Journalist and co-author ^rith L.J. 
Kirshhaum of Is The Library Burning? He was editor cf the 
student newspaper at the Uhiversit? of Michigan. 

C. Glenn T. Seaborg - Chairman, U.S. Atomic Etaergy Coranission. 
His speech was delivered at a meeting of the National Academy 

of Sciences. Panel, Argonne National Laboratory, Argonne^ Illinois 
May 5* 1969. 

D. Arthur R. Tanplin » Research Associate at the Lawrence Radiation 
laboratory at Livermore, Calif'^mia. 

The above, the student discovers^ is minimal information. Except 
for Rapoport, the authros vork in the field of atomic energy. We may 
assume that they are competent enough in their field to continue to be 
hired in that field. Since there is a difference of opinion betveen 
Seaborg on one hand and GoAnan and Taaplin ou the other, a difference 
which Rapoport uses as the foCUs of his f^ssay in Ragparts ^ we need to 
know more. Vby do we need to know more? Because the three articles 
deal with the question of allowable radiation in the environment^ One 
of the potentieil sources of el*^ctric energy is the nuclear power plant. 
If we have nuclear power plants what risks are we running from possible 
contamination of the atmosphere or the total environment? 



Objective: 
Method: 

Materials : 
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ErentiuLLl7t ife to the queetion: Hoir mcli do we care? If ve 
really don't care about what radioactiYity does to us or fliight do to 
U8> ve can settle for tha information ve already have. Bat s\3^pw ve 
really feel that the solution to the probleu of power generation lies 
iB deyelopment of the nuclear pover plant. Then ve vill find ourselves ^ 
trying to support Seaborg» to r«tate Goften and Tanrplin^ and to disparage 
Rapoport. If on the btherhand ve are vorried over the degree to which . 
radiation can ittarease cancer or cause us to have tvo-beaded grand- 
children^ ve vill find ourselves txying to refute Seahor* support Goftaan 
and Tajncplin» and extol Rapoport. 

Either way, if we are interested* ve need to do three things: 

1. Find out more ahout atomic radiation: . 

a. learn some t^asic vocabulary 

b. learn sone haslc ccmcepts of radiation and atcoic energy 

c. learn scnething ahout the link hetveen radiation and disease. 

2. Find out more about the four afttbors. 

3. Read the articles carefully and critically. 

The plQrslcs teacher ^or the encyclopedia can help us vlth the first. 
We can find out more about the authors through Who's Who ^ The Readers ' 
Guide to Periodical Literature , and The Nev York Tlaies Index. 

The third item requires development of ciritcal reading skills. 
Understanding of tvo rhetorical principles » tome and voice^ vill help 
develop skill iii heading between the lines** or getting at the author's 
point of view or bias. 

T^* . Tone in the articles. Tone Is the vay in vhich the author uses vocabulary 
in order to shov his attitude toward the information he is dealing vith.- 
Since tone can work to Influence the reader tbroue^ word choice rather 
than information the student must learn to recognize it. 

A. T^ on e in the GoAnan article. This is the most objective of the three 
articles. The tone is reasonable. The material is presented in 
a logical organisation; it is carefully limited to deal only vith 
one aspect of radiation dsaage: cancer. This limitation enables 
the authors to go into seme depth and detail to expose their 
argument. The tone. of the sixth paragraph^ however* gives us 
.some insight into the authors V point of viiiw. 

(flotation: / 

' The Federal Radiation Council, lAidh sets the 
aliowaT^Ie jseacetime r»<llation standards, has access 
to the ?tr.forai£vtioh by -wfeich vft have arrived at the 

^ ■- tc* stfi^ni, i^Tust be- un5«ifiatGod iirj iiii::*;: ^^^h^it *zl:\p^ jrl^v^^'iyi*-^ 

merit Is willing to trade off* thousands of casss of 
^' cancer and leukemia in return for peaceful atomic 
energy activities. 




•italics by svs 



For our study of tone* the most important expreBBion in th«.para-* 
graph is **trade off** in the second sentence. Collo<iuially ftrade off** 
means to accept an acknowledged loss in expectation of a greater gain. 
This may very well be vbat the gbveriiment is doing; however* the word 
^'trade off" irtiich is ccwmonly applied to the inanimate. In this ca&e 
implies a callousness or Inhumanity on the part of the Federal Radiation 
Council. ■ ^ 



Exercise : 

A. Rewrite the second sentence to eliminate the affective connotation 
of "trade off." Rewrite it to make the PRC look warmly concerned with 
human problems. 

B. Tone In the Rapopbrt article. The tone^sensitive reader can have 

a field day with this one. The title itself sets the tone; '*Catch Zk^kOO. 
{or, Plutonium Is Bfy Favorite Element.)" 

1- Title 

"Catch 2^,^00" is an allusion to Catch 22 , an ironic, anti-^ 
war novel. 

*'21*,J*00" is the half-life of plutoniim. 

"Plutonium Is Ify Favorite Element,** Is a quotation attributed 
to Dr. Wright Langham, an ABC plutonium expert . at Los Alamos. 
Vhat Is the effect on the reader of using this title instead 
of ^'Certain Questions about the Atomic Energy CoosBisslon^s 
Self-Regulating Powers^'? 

2. Examples of maintenance of tone through verb choices 

a. Par 13 "cloak-and-dagger air^' 

b. Par ll* "background radiation is a favorite AEC game " 

c. Par ll» "the organization's ; . . nuclear mythology " 

d. Par 18 "AEC totalitarianism" 

Etc. Suggested activities 



a. 
b. 

\ c. 
d. 



a. Each student can compile his own list of "loaded** words. 

b. An exercise in denotation and connotation leading to a 

: study of Rapoport*H "loaded*' words. Can the student see ^ 
how many of these word choices represent Judgpients rather 
than facts or inferences? 

c. Each student could write an assessment of Rapoport's 
personal bias as the student Infers it from the article. 
This should be brief and should be supported "by exasrples 
of ilapoport*B word choices. 



C. Tbne in the Seaborg Speech. 

Seaborg achieves his tone partly through word choice but even 
more by arranging historical and contemporaiy information in a vay to 
suggest that 'there have been problems before ^ there are of course > 
problems now> but wise good men are working on the problems and things 
will work themselves out. 

1. Soothing expressions 

a. Par. 1 "More is being done today - - . harmonious relation 
ship." 

b. Par. 2 . . calmly attempting . . perspective.*' 

c. Par. 3 • • a building hysteria . . . should be 
tempered . . . rational outlook ..." 

■ 2. Hlstoricetl references 

a. Par 8 cateilog of famous natural disasters 

b. Par 13 antiquity of air pollution legislation 

c. Par 15 the horse> cities^ and air pollution 

3* Wise and good men are working 

a. Par 2lf Dr. Abel Wolman 

b. Par 28 "President Nixon's great concern ..." 
e. Par\U8 Dr. Gerald P. Tape ^ , . 

If. Etc. Suggested activities ; 

a. Let the student compile a list of expressions from the 
speech thatr are soothing or relajcing.. The beginning of 
the speech is studded with topical etllusions and collp- 
q^uietlismE. 

How do these work to establish the tone of concerned 
equanimity? 

b. Let the student think of vhy> vheri Seaborg's field is 

; atomic energy^ he does not mention atomics or radiation 
until paragraph kit On the other hand > since his title 
ie ^'The Environment: What to do About It>" why does 
be devote 25 paragraphs of a 67 paragraph speech to 
nuclear energyt 

Voice in the articles. Voice is what we call the author's language 
usage as it reveals his attitude toward his auftlence- 

A. Vofcta in Gofman and Tainplln. Viy^ very a^^sence of afJ^ective language 

supposes an audience who prides itself on objectivity aiiii rational 
discourse. 
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1. The student might count the colloquial expressions and plot 
their distribution. They are^^inltt evenly distrihuted. Vbat 
purpose do they serve? What is achieved by locating the 
hulk of them where they a re? 

2. Dr. Seahorg devotes a fair amoont of space to **irhat might 
Beem a nev era of nature vorship." (paragraph h) 

a. Par.li "... an ardent hiker and nature-lover myself . . 

h. Par U ^\ . . technology has made nature accessible to us 
as a friend to be understood. . . rather than a foe to 
be. over come.** . \_ 

c. Par 1* "The new conservationist. . * ^roughs it' on his own 
terms with . . . *store bought* items . . . But he . . . 
forgets . . * this in his attacks on his technological 
society." Question: is the conservationist vho attacks 
the technological society necessarily the same man vho 
goes camping in a $3»000 cancer? 

d. Par 7 • • nature plays no favorites." 

e. Par 8 ". . . nature destroys and pollutes-** 

f . Par 20**: . . the vell-aeaning concern and dedication of the 
conservationist and natiire eothusiaat . . 

3- Although Dr. Saaborg^ematually arrives at a point where he 
suggests that a balance^ can be reached between ecologists 
and technologists , he has been at some length faintly dis- 
paraging the naturel*oriented point of vi^. Considering his ^ 
audience, why might he be doing this? . What does his audience 
have as their prlmaiy interest?! 

Activity 

1. Since the Gpfman^Tainplin article and the Ramparts article both 
express alarm over atomic radiation* the student might write 

a brief cc»i^eLre'*constrast paragraph discussing the audience 
Implied by the voice of each airticle* using examples. 

2. Discuss orally-^or in a paragraph the purpose of each of the 
aarticles as implied by their voice and tone. A good approach 
to this is to name the magazines to which you as agent would 

/ try to sell the articles. How would each article have to be 
changed to make it acceptable to The Atlantic Monthly ? 
Madcsmoiselle? Life? The Conservationist? Fortune? 



This last activity la Important and can be a lot of fim* Students 
who write fairly well enjoy parodying and can learn from rewriting 
key paragraphs to slant them for different publications* 

IV* Partner adventures..;^. If the teacher finds an increased concern over 

the manipulative aspects of Isioguage^ we recoaamend a short course in 
semantlcEt - or at least an Introduction to Language in Thought and 
Action by S*I* Hayakawa* 



D-1 A Santple Approach to the ProMem of Air Pollution 

wW Owns the Air ? — 
Objectives: 

1. To understand that part of the problem of air pollution 

lies in thB treating of air as ^ free good. 

I - - ■ ■ 

2. To understand through a discussion of this idea that a 
solution to the problem may lie in restricting everyone *s 
Indivldueil liberty to provide freedom for all. 

3. To Understand that there are many factors that make this 
solution a difficult one. 



Materials: . ■ ' 

1. Accounts of the various air disasters in the 20th century 
(London, New York, the Meuse Valley in Belgium, Donora in 
Pennsylvania, Hew York City) see bibliography* 

2. Reading "The Tragedy! of the Commons by Gilbert Hardin In 
The Enviro^F'^tal Handbooks 



I. The problem of air pollution een be established by a reading of 

one or more of the accounts of the various 20th centitry air disasters. 
Iliese accounts are available in" many forms , one or more of which will 
be suitable for the level of students you are dealing with^. The 
entire class <!o\0.d. read more than one account or groups pf students 
can be assigned to- read a particxO-ar account and summarize. It for the 
class. 

A. After these accounts have been read, class should try to arrive 
at the common aspects of each: 

1 . What happened in each disaster? - ^ 

2. What did these partic\0.ar areas h^ve in common? 

3. What specific factors account for the extrenje effects 

In these cases? ^ 

B. Bven though these disasters ;are extreme examples , what factors 
that contributed In each of these are not limited to these heeds 
eilone? The Idea should be brought out here that certain activities 
of man contribute to air pollution ^ the morel obvious ones 
ixkdustrialization. Increasing urbanization^ Discmision sho\0.d 
also bring out that even such activities as certain farmingpracticer 

, (spraying, use of fertilizers , deforestation), Indivldwal acti- 
vities (driving a car* bxirnlng trash, increasing demands for 
electricity) ccntribute to conditions of air pollution. 
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II. Reading of Gilbert Hardin' s "Tragedy of the Commons**: This 
reading may be rather difficult for some students, in which 
case it could be exerpted or simplified. Another possibility 
lies in using Just the example of the herdsmen and the^ common 
pasture. The ideas of the article are specifically related to 
population grovth but^.they can be applied to the treatihent of 
the air. 

How has the air been treated aS' a commons? 

, Wliat individual benefits have been derived from this? 

How would you react if someone offered to buy the air around 
your house? If you were to take the idea seriously, vhat^ . . 
problems would you fact? (here the idea of difficulty of ' 
deciding exactly what polrtion of air is 'V^urs" and difficulty 
of assigning a. price to the air). 

Is it true to say that since, everyone owns the air, no one 
in particular is responsible for it and its use poses no cost 
to anyone? 

Is the pollution of the air really a tree activity? (possibly 
free to. the immediate polluter, but what costs are there in- 
volved?- health costs, aesthetic costs, property costs, etc.) 
If there are cost^, who ultimately pays them? Who should pay? 
(only the polluter or everyone who shares the benefits of clean 
air?) 

The idea of social or external costs could be introduced here - 
the difficulty of measuring them, the difficulty in pinpointing 
the exact source. 

III. Ways of making the polluter bear the cost of his poll'ution: 

This can be handled in several ways - independent or group investiga- 
tions, outsi'de speaker, use and collection of current news articles 
(assigning students to clip pe^rtinent articles during the course of 
the units is a good idea whatever approach to this is chosen); ^ 

Briefly summarized, the means of making the polluter assume the 
cost of his pollution fall roughly into 3 areas: 

Internalizing costs * most common in this area are effluent 
or emission fees , requiring the addition of pollution control 
equipment in new or existing plants in industry; requiring 
the installation of pollution controls on automobiles - these costs 
generally passed on to' consumer in form of higher prices. 

External costs use of public monies (taxHs) to pey the cost 
of preventing, controlling or rectifying the daniages caused by . 
pollution. Examples here in industry would be subsidies, tax 
write-offs for pollution control equipment, better depreciation 
allowances etc. - These costs are borne collectively through 
higher taxes. 



1. 



2. 
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3. Sanctions - outright prohibition of certain activities.* 

Investigation of the various ways of making the polluter bear ' 
the cost of , his pollution could involve .garoup or independent 
study of the following: 

1. Most students, as do most people today, probably 
assume that, in talking about the *'polIuter^' being 
forced to pay the cost of his pollution, reference 
is being mad*? solely to ind.ustry. A student or group 
of students could search but information concerning ' . 
the actual percentage of sources of air pollution. 
What individueil' or community activities are responsible 
for large amounts of air pollution? What ways can they 
recommend to curtail this? What would be the effec^ 
of control of these individual or communitjr activities? 

2. A survey could be conducted in the community to; deter- 
mine peoples^ attitudes toi^ard air pollution - what do^ 
they see as the main sources of the 'problem, (Individual 
activities, industrial activities, govemmentetl acti- 
vities); how do they feel that solui^ions might best 

. be handled, what restrictions would they be willing to 
accept in order to improve the situation, would they 
be willing to pay for improvement through higher prices, 
higher taxes , . etc . 

3. Is the electric car the ansyer to the automobile and 
air pollution? An investigation could be made of the' 
effects of an electric car is it feasible, what would 
be the effects j for example, on the oil industry and. 
service stations, oh air pollution from increased 
electric generation? 

li. The Pittsburgh situation why .were business and banking 
interests so concerned about Pittsburgh being known as 
the **smoke city?** What did they do about it and how did . 
they go about solving their smoke problem? 

5. A study of effluent fees - How will business react? Will 
politics play a role in administering the fees? How majiy 
fees discriminate against small firms? How could the fees 
become a "license-to pollute?" Can effective ^nitoring 
and detection systems be .established? ^ Will the fees be 
a sufficient incentive to reduce pollution? (A good difl* 
austion of, and approach to, effluent fees is a leaflet 
published by the Joint Council on Economic Education: 
"The Economics of Pollution, Part III; Can Pollution be 
Controlled?" by Harold Wolpzin) . 

6. Air Pollution control in Los Angeles - What is the back- 
■ ground of the various air pollution control laws in this 

community? How. did community consciousness lead to a partial 
solution? Even though industrial pollution is fairly well 
controlled, what still-accounts for the severenes^ of the 
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situation there? (A good starting point for the 
L.A. story is the October 8, I966 issue of Saturday 
Evening Post , the story on air pollution). 

7. The possibility of a pollution tax - a tax (similar 
in idea to industrial effluent fees) to be paid by the 
consumer of an article that contributes to pollution - 
a ear, disposable cans 07 bottles, gasoline, etc. Money 
from the tax would be used to pay the cost of the pollu- 
tion that the use of the article creates. What difft* 
culties are involved in this? What effects would this 
have? 

. 8. A case study of the internal and external costs of the 
manufacture of a particular article - for example, the 
automobile. This could be iised for several items: 

- list the costs involved in the manufacture of. an 
automobile that are figured into the cost of pro- ^ 
duction- Why are these called "internal costs?" 

- what external costs are there involved in the pro- 
duction of an automobile? (the pollution involved in 
the various processes involved in the production of 

the con^onents of the car - the steel, the glass, etc.). 

- vrhat external costa are there involved in the use 
of the car? " 



- who pays the costs? 

- whet are some possible ways of internalizing these 
external costs?. 
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0*2 Model for a Unit on Human Values 



Bigger Is Better > 

Model for possible unit in KuBifmities (or Science) using folk 
tetlea as e source for examining aome"human assumptions which relate 
to hov we treat our environment. 

Bear in mind that such a study g\tlde is an example of hov an ^ 
English teacher can use basic literary material to encourage Environ* 
mentetl. Awareness* By all means" use your own favorite materietls to 
vork toward the same ends. * * . 



Objectives ; 

1. To use traditioheil folklore of the western world to show 
how folklore reflects, value^s and mssumptions of a culture- 

2. To escamine some of these values euid assumptions to see how 
they might have contributed to some of our contemporary 
environmental problems* 

Materials : 

Prometheus, The Sorcerer's Apprentice, The Fisherman vand his 
wife. All of these are available in a variety of anthologies and 
children's collections. The individual teaqher will decide what kind 
of. translation he wants for his own purposes* 



Resources : 

Libraary, AV department. A Disney veriion of "The Sorcerer's 
Apprentice" is part of the film Fantasia . Illustrated children's 
editions can be found in the children's room of . most public libraries. 



Synopses : 

Prometheus, was the Titan who defied the Gods and brought fire 
to man. For this he was punished by being chained to a rock where he 
was daily attacked by eagles. His sister»in-law was Pandora who opened 
the box containing etll the world's evils plus Hope. 

"The Sorcerer^s Apprentice,'*, is the story of the boy^ apprenticed 
to a Sorcerer, whose Job is to sweep out the house and carry heavy 
buckets of water. When the sorcerer goes out, the boy uses an enchant 
ment he has learned to bring the broom to life so that it will carry 
water for him. The broom does^ come to life and- immediately "starts 
carrying the water." lAifortunately the boy does not know how to stop 
the broom. It continues to carry water until the house is flooded. 
Eventually the sorcerer returns and restores order. 
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The Fishennan and his Wife: The poor fisherman and his wife 
live in a hovel by the sea. The fisherman .catches a flounder who 
persuades him to let him go in return for a wish. Consulting hig 
wife, the fisherman asks for a pleasant s»ail house and receives it. 
However, the dissatisfied wife. sends the fisherman back to the fish 
^for a castle, then a king's palace, and so on. Each wish is granted 
until the woman asks for the power to* rule the sun and the moon. 
Then the fisherman returns from the shore to find his wife back in 
the original hovel. 

A Note on Teaching: 

The three stories could be taught all at once. The teacher 
could assign all three stories to beread overnight. This means he 
would have to have duplicated classroom sets of each story. The class . 
could then be divided into three groups, each of which would have one. 
of the stories' to study. 

Alternatively, the teacher could read each, story aloud, or. use 
a film or available recording, on successive days, then work in dis- 
cussion with the whole class on each item. 

Either way certain discussions points will emerge; certain 
opportunities for independent study will arise, 

I. Prometjieus 

A. Discussion 

1. What does fire represent? 

a, good aspects ■, , . 

1. Vannth ■ . ■ ' ; 

2. cooking ... J ^ ^ 

3. ^ metal- working . — 

1*. ultimately it symbolizes the opportunity for" ^ 
technology - air pollution ." ' — 

b. bad aspects can't you work out your ownl 

2. . (Very hard question^ - attack it from different, angles). 
Why did the Gods punish Prometheus? Or, why did the 
Greeks have the story' come out that way? What statement 
does this possiblj^ make about man's feelings about fire 
and the power for/good or evil represented by fire? 

3. Since the fire represents energy, does this story reflect 
ony .unconscious reservations about the risks man runs when 
he pokes around with nature?. ^--^Z 

Is there any significance to the f act bat a Companion nprth , 
■ shows Prometheus^ siister-in-law. Pandora, having an irreflis- 
" tible urge to open the box which, it turns out, contains all 
the evils of the world?; It also turns out that the box 
contains Hope. Again, what are the Greeks trying to tell 
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Any parallels between stealing the fire and opening 
the box? 

5. Surely there are more questions. 

6. How many Prometheuses have there been? (okay » not 
many big ones, but how about the litst^le ones?) List 
a number of inventions and discoveries that have been 
double-edged with vast potentietl for both good and 
ill. Are there any important inventions that don^ t 
have such potentietl. Now tie this all in with air 
pollution . 



B. Activities 

1* These can pretty much depend on the level of your class » 
and the interests of the students* The list generated 
by A 6 could be used as a basis for individual reports 
on particular inventors and inventions. For the purposes 
of this unit it would be veil to ask each student inves- 
tigator to wind up with a statement of his inventor's 
contribution to air pollution. 

Place emphasis on the fact that we are beginning to 
bring the conscious level what the collective unconscious 
seems to have been aware of for a long time. Our purpose 
is not to decry invention, but to become environmentetlly 
aware enough that we think of environmental consequences 
far more than we ever have before. 

2. If this is a humanities unit one could at this point 
or at the end of the whole unit use the Encyclopedia 
Brittanica film Oedipus the King which explores some 
of these questions. 

Slides of Greek Art, statuary, pottery, and architecture 
can be used. Get your Art History teacher in oh this one. 

II. "The Sorcerer's Apprentice*' 

A. X>iscu5sion 

1. Since the moral of this story is not going to be too 
hard to dig out, especially after you have been through 
the discussion of Promethexis, ve suggest you divide the 
class into small groups, appoi^nting a recorded in each 
groups and let them do their own discussion. 

2. Small group work goes be^cter with some direction, so 
each group could be charged with coming up with its oim 
answers to the following: 

a. Using the characters in **The Sorcerer's Appreritice" 
as symbols, what would you say that each represented? 

1. The apprentice 

2. The broom 

3. The flood of water 
The sorcerer 
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b. Can you draw analogies bstween the folktale 
and contemporary technological civilisation? 

c. Do you ft^el that the interpretation tl.at we make 
of the story today is the same that a t^erson of 
the eighteenth or nineteenth century woidd have 
made? (In other words, teacher, on one level this 
is merely a story about what happens to lazy, dis* 
obedient children; on our level it is more ominous — 
or is Man merely a lazy, disobedient child?) 

B. Activity 

1. Reports from your discussion groups* If these turn out 
to be good they may suggest a whole mess of topics that 
we haven't even thought of. In that case, follow through 
on what the students come up with — at least for a vhile. 

2. Ask people to watch in the public press, media, etc, for 
\xse of expressions like ",,,if we open this Peuidora's box,'' 
and bring in any such allusions that they find. Editorial 
ppges are a great source for this type of rhetoric. 

3. If your school is rich, try to rent Disney's Fantasia . It 
contains a ''Sorcerer's Apprentice" sequence, plus a lot of 
other items you could use happily in a humanities course, 
unless you can't stand Disney. 



III. The Fisherman and His Wife 

, A. Discussion: 

Whole group or small group according to your personal style. 
Mainly the qiiestion in this case is the insatiable person. This 
should lead quickly to consideration of the question of whether 
it ever possible to give men everything they want. 

This can lead to an exploration of the question: Why is Man in- 
satiable? What are human needs? How do we go about meeting them? 

If the teacher is familiar with Maslow's Hierarchy of Needs, he 
can put them on the blackboard and introduce the students to these 
concepts, A modified diagram for this is included at the end of 
this unit. 

Ultimately, we get to the question of whether greed (desire) is 
polluting o^xc air. Whose greed? The manufacturer who wants 
profits, even if they poison the air? The consumer who wants 
goodies even if the manufacture of them poisons the air? The boy 
who dreams of the day he'll have '^four on the floor: even if ^ 
stream of particles from his exheiist v:ll poAsct^ lis nei^rnbor's 
air — and his own. 

B. Activities 

1. If Man is greedy, and we stili wish to have air for our 
grandchildren to breath, can we find a way to keep M?ir/ : 
greed from killing us? In other words, how ca^i auiti -p<l ; li!^ . rr 




measures be made profitable? Get an economics teacher 
to visit your class to discuss some of these items* For 
example, there is a large increase in the niainber of stocks 
on the market for coa^aniec who have as their business im- 
proving the environment. Environaent I of Schenectady is 
one such Con^iany. 

2. If money permits, use a film such as *'Take One Deep Breath" 
to illustrate what can result from unthinking pursuit of 
our own material desires. 

3- At this point I could spend a day asking students what 

individueil items they would like to pursue. I would leave 
it wide open, letting some students go to other oiyths and 
legends to see what insights they might yield about human 
behavior. 

Hopefully, two other ideas would emerge: one scientific, 
one political. 

a. Scientific 

1. Laboratory. Compare foils (HYE) left in different 
strategic places. The students will probably do 
very veil th^nKing up their own, but one should be 
in the faroi^y smoking room, one or more should be 
in the student parking lot, and one should be in 
some area that one would hope was relatively free 
from auto or tobacco 4)articulates at least. 

2, Historic or research. This could be a written 
report on some of the great air "episodes'^ like 
London, 1952 , etc . 

b. Political 

1< Simple social action of the "write-your-Congressman" 
vari*?ty. 

2. More complex. Search for a local air-polluter. 

(In our tjwn this turned out to be the incinerator 
at a near-by hospital). Many activities can be 
generated from this, depending on the nature of the 
class } transportation, etc* One could write to your 
local polluter asking what he intends to do. One 
could establish contact with city officials. In 
our community J such people have been willing to come 
in to speek to classes. 



IV. Summary 

What are some of the human assun^tions which ultimatley relate to the 
way we treat our environment? Certainly Man's difficulty in doing any 
long term thinking when he perceives an immediate good is reflected in 
toth Prometiieus and "The* Sorcerer's Apprentice." Man';^ urge to satisfy 
felt needs no matter what the cost — his greed. If you will, — is 
reflected in "The Fisherman and His Wife." As long as Man is uncon- 
scious that he acts this way, he can do little to improve his condition. 
When we examine these attitudes and assumptions, however, we begin to 
be able to think of ways of doing something about them. 
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D-3 rlocietal Problems for Class Liiscu::slcn 

a. Social Implications of Transportation 

Problenf; 

It is important - vital - that the students realize that most of 
the questions raised by transportation problems are questions they 
will have to help firtd the answers to. 

1. How important is a car to you? 

2. Why don't more people uae public transportation? 

3- Make a list of changes that you feel would have to be m^de if 

people were to be won over to public transportation, (This should 
be a full period activity), 

k. The electric car has been siiggested as an edternative solution to 
urban transportation. Spend a period exploring the possibilities 
of the electric car. Would this start a chain of "Bent a lightning 
bug" stations around the periphery of central cities? Would you 
own your own and plug it in every night? What supplies electric 
power to electric cars? Would this merely transfer the problem from 
city streets to the areas around power plants? Etc, 

5, Do other "developed'* countries have this problem? How do they cope 
with the problems they d^ have? 

6. Would there be any benefit to setting limits to allowable horse 
power for private transportatioa? 

7* Think up seven (or forty) more questions of your own. 



Activity: 

Have one student asaigned to keeping track of legislation in this area. 
When a public hearing is held in your area arrange a field trip to the 
hearing. If a student has done extensive research in this area he could 
ask to testify. He should have multiple copies of this testimony in this 
case. 
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Model for a Unit on Individualism 



If The Epvironinental Handbook is available- in class sets, the class 
could read "The Trc^idy of the Commons'* by Garret Hardin, p. 31. 

1. Can the air '^be considered a ^'commons"? 

2. Why can't we rely on individuetls to be responsible in 
their use of the air? 

3* What do we need to know economically if we are going to 
have fair irules about the use of the air? 

'1 . ■ . ■ ' 
1*. What do we Heed to know politically? 

5. What do we need to know scientificalljr? 

Once the decision or realization- has been. reached that air is no 
longer a free good, several problems come to-the fore: the difficulty 
of assigning & price to clear' air, the choice that must be made be-*^ 
tween various . means to force air to be considered a cost of produc- 
tion; a determination, of who shall pay the price (and. hov): and 
the question of the level at which controls should be adininistered. 



ERIC 
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■ Model for a Unit on the Induetrial Revolution 



Usually students^^in a history course will study a sequence of events 
which constitutes .an ^'industrial revolirtion." These processes are 
occurring today in emerging nations and the following questions ntight 
aid a class discussion in this area of investigation. 

1. List some problems you envision if all the underdeveloped 
. countries realize their dream of industrialization? 

What economic stresses might occur? 

How would We arrive at social* economic and political solutions 
to these problems? ' . 

What are ''trade-offs"? Make a list of the *'trade-offs'* we 
make personally in everyday life. 

What "trade-offs" do countries make? How are these ''trade- 
offs" affecting society within the country? _ 



2. 
3. 

5. 
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d* Model for a Unit on Legislation 



At the heart of otxr :denlOcracy has been the individual in the 
society and established legislative patterns. The questions which 
follow nay aid your students in realizing that they may influence 
the passage of laws at various governmental levels. 

What is your state doing about air pollution? Is there 
a problem in your state? 

Do you haye a local air pollution problem? If so what 
seems to be the cause? 

What action does your city council (county board) take! 
to alleviate local air pollution? 

Could the problem be helped if there were greater co- 
operation between city and county? 

How might air pollution ultimately affect local govern- 
mental, structure? 



Activity: 

Arrange for a field trip to a meeting of one of your local govern- 
mental bodies. What goes on? How do they go about establishing 
rules for the betterment of community life? 



1. 
2, 
3. 
1*. 

5. 
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e. Modelcfor a Unit on Societal Ecolosr ■ 



The word ''ecology" is no longer restricted to the scientific domain. 
Since ecology refers to the beilances in nature that exist between . 
-living and non-living materieil^ it is possible to establish the con- 
cept in relation to societeil problems.. The sequence of questions 
below is suggested as a model vhich will aid students in realizing 
that man takes 'an active paxt in an ecologiaal pattern. 

1. List the inconveniences caused by the "brovn-ouf* in 
New York State, during the temperatui'e inversion of the 
last week injJuly» 1970., ^ . 

2. What caused the "brown-out"? 

3. How successful were voluntary controls, appeals to con- 
science^ in limiting use of electric power? 

1*. How dp we arrive at priorities when ve consider: 

a. The pollutin^g' proclivities of fossil fu^.l pouer plaiit^. 

b. The vitea electric needs: 

1. elevators in tall buildings 

2. lighting for indoor residence, business, industry... 
'3* name others. 

c. The luxury electric requirements; 

1. electric "gadgets". 

2. wasteful use of lighting. 
3* name others. . 

d. Acquired "needs*' such as air-conditioning. 

5. If ve move to the^ non-polluting electric car ,for urban 
transportation » what power problems may we anticipate? 
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Oth«r Activities to Try 

1* Dlspoftftl of VlQjrl Chloride 

2* Tevpereture tnTftrelon 

3* Effects of Two Dlf f erant Pollutftntft 

on Plant Llf a 
4* DlfttrlbutloQ of Contlnentei mnd 

MftrltlM Aerosols 
S* Intensive Study of s^ Locsl 

EnvlroQttsnt 
6* Sedlnentstlon Foil Emperleients for 

Air Pollution Messurements 
7* iSoclsl Sclencs Questions . ' ^ 

—-Process Industries 

**-Wsste Dlepossl 

--•Agricultural Control o/ Insects 

-*-Systejis Anslysls 
8* Role Pleylng 
9* Auto Exhsust Activity 
10* Nolee Pollution 
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E-1 Dlipoaal of Vinyl Chloride * 



t. Introduction: 

Soclatal use of Increeslngly new end verled products 
emn leed to dlsposel probleas. A nuaber of plestlce 
conteln vinyl cblorlde (CB2 - CH CI). A prev&lent 
method of disposing of plsstlcs Is tc Inclnerste thea 
despite restrictions . 

II . Objectives : 

1. To lllustrste potentlsl hsraful produces of vinyl 
chloride Inc Inerstion . 

2. To observe coapsxstlve b lode grsdst Ion of plsstlcs. 

Itl. Hsterlsls: 

wide aouth bottls» deflsgrstlng spoon, dlstlllsd wster» 
pH psper» silver nltrste solution (O.IM) snd sssort- 
nent of plsstlcs which con t sin snd do not contsln 
vinyl chloride * 

IV. Procedure: 

1. Plsce s lasll saount of wster In the bottle. 

2. Ignite the plsstlc astsrlsl snd quickly lower tbs 
spoon snd contents Into the spsce sbove the wster In 
the bottle. 

3. When the bottle becomes full of saoke^ reaove the 
spoon snd contents^ csp the bottle snd shske the bottle 
to dissolve the snoke In the wster . 

A. Test the pB of the solution snd sdd s couple of 
drops of silver nltrste to s Sec. ssaple of the solution 
to confirm thct presence of the chloride. 

5. Prepsre 4 : 1x3 Inch strips of the varloi s 
plsstlcs sndaiessure the average thickness of each strip. 

6. Bury the samples in the ground or in compost so 
that only about one inch remains above the soil level. 
Keep the soil moist. 

7. Remove one of the samples each week for a month. 
Observe the appearance of each sampl e . 



*Source: 19 7 0 General Chemistry Syllabus . State of 
New York and A.D< Mu^lilick 
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E-2 Temperature Inversion * 



I. Introduction; 

A temperature inversion. may be formed by frontal activity, 
radiation losses from the earth's surface and high pressure 
systems. A temperature inversion reduces vertical 
turbulence since the lover layers of air cannot penetrate 
theinverslonlayer. 



II- Objectives: \^ 

1. To atudy the factors that contribute to an inversion- 

■ 2 . To determine the ef fee t a temperature inver si on has 

on turbulence; 

III. Materials: 



ice,^ hot water, shallow pan, 2 t hermome t er s , glass column , 
ring standi clamps-, glass, tube, c igar e 1 1 e ( see following 
diagram) . \ 



IV * Procedure : 

1 * Set up the appara t us . as d iag rammed . ^ 

* ' ' ■ ■ ^ - 

2 - . Place ho t . water ^ in the pan and record the temperature 
on. each thermometer after each period of one minute until 
there is a difference* 

3 . Blow smoke very gently into the bottom of the .cylinder 
until there is a layer of smoke* Then observe* 

4. Replace the hot water with ice'vater and^ repeat the 
previousprocedures*. 

V. Questions: 

1* What is a temperature inversion? 

2 * Why is there little turbulence dur ing k temperature 
inversion? 

. 3* . Why does an inversion usually produce smog in 
industrial . areas? 

*So"urce ; Audrey Benson , , ■ " 
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INVERSION MODEL 
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E-3 Effects of Two Different Pollutants 
on Plant Life* 



I. Introducr. Ion: 

Certain pollutants produce notlceal^le morphological 
changes that are easily recognizable by students. For 
the junior high school student a subjective experiment 
is all that Is necessary to demonstrate the adverse 
effects o f air pollutants. 

II. Objective; 

To show the effects of pollutants on plant life. 

Ill . Mater lals : 

6 petunia plants, matcVies, mason jars, cigarette 

IV. Procedure: 

1. Start your own seed lings and when one to two 
inches high begin the experiment . 

2 . S t r ike 2 or 3 matches in an ashtray and immedia t ely 
invert the jar over the ashtray to catch the f umes • 

3. Clamp the cover over the jar and plac e the smoke 
filled jar over one of the seedlings. Keep in place 
for 15 minutes • 

4. Repeat the procedure with another seedling and 
cigarette smoke. 

5. Carry on the activity for several weeks and pollu t e 
each seedling at least once a week. Use the remaining 
seedlings as controls. 

6. Make daily notes of height, color, and general 
conditions of plants. 



*Source: Stern 
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E-4 



Distribj t i on 



of Cent 1 nen tal and 



Mar it ime Aerosols 



I . In t roduc t ion : 

Very small particulates less than 10^ may float for 
months in the atmosphere. Taking an ocean trip may 
not even decrease the high concentration of aerosols. 
Usually condensation nuclei (CN) counts are broken 
down into the following categories: 

1- 100-1000 particles/cm3 Oceanic or Polar Air 

2- 1000-5000 particles/cm3 country air 

3. 5000-50,000 particles/cm^ urban or city air 

4, greater than 50,000 large cities or hignly 
par t icle s/ cm^ industrialized area 



II. Ob j ec t ives : 



1, To compare condensation nuclei concentrations over 
various continental features and Co contrast these with 
levels over the Atlantic Ocean. 



Ill , Materials: 

Data charts (Source - Hog an , Bishop, Aymer, Harlow , 

Klepper & Lupo, 1967: Ait ken Nuclei Observations over 

North Atlantic Ocean , Journal :>f Applied Meterorology, 
6, No. 4, 726-727.) 

IV . Pro c edur e : 



1, Plot CN concentrations vs. horizontal distance across 
the country. Use the peak readings found on the ^c company 
ing graph; let the students correctly locate the distances 
from a map or atlas. 

2* Plot concentrations vs< distance from tihe c ont inen t 
obtaining data from the ac company ing graph. Include a 
plot showing greater detail for the first 70 miles East 
of the U.S. 



V . Ques t ion s : 

1. In general, where do the greatest concentrations of CN 
occur? Why? 

2- What influence does the continental aerosol have cn 
the pollution concentration over the ocRan'^ Compare 
continental aerosol influence on each siHt^ of t^te 
Atlantic Ocean . 
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J What results would you expect if data were i t> 1 L t^r t ^'.1 
from n rahlp ing from cJr c *in J a nd to So u L h Ame r I c^i V 
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Table I: East - West Cross Country Flight May 6-7, 1968 



Location 


Nuc lei / cm 


Seattle 


40 , 


000 


Spokane 


15 , 


000 


Great Falls 


5, 


000 


Grand Rapids 


45, 


000 


Duluth 


80, 


000 


Lake Superior 


5, 


000 


Lake Michigan 


3, 


000 


Traver£se City 


10, 


000 


Lake Huron 


2, 


000 


Flint 


35, 


000 


Lake Erie 


32, 


000 


^kr on 


92, 


000 


Willlamspor t 


5, 


000 


Schenectady 


35, 


000 



Table 11; Coastal U.S. and Atlantic Ocean 

Location Nuclel/cm3 x 10^3 



Lat - N 


Long - W 




39O30' 


65° 


6 


39030' 


66° 


9 


40O00' 


67° 


23 


40O00' 


68°30' 


24 


40030' 


69°30 ' 


16 


41°00' 


70°30' 


24 


41°00' 


72°00' 


25 


41°00' 


72030' 


41 


41O00' 


7 3°00' 


83 
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£--5 Intensive Study of a . Local. Env i roninen t 
Ob j ec t ives : . * 

1. To find " nor nial^ conditions and deteririine pollution 
c ond i t ions / . ^. ^ . 

2. To look. for changes over" time; determinerates of 
c hange ; make projec, tionsintofuture, 

3. To compare with other local environments. 

4. ■. To look for cycles, systeiRi;, processes, various types 
of po llu t ion ..sui t abl e for. division of studen,t labor or 
longterm singlestudent investigations. 

5 V - - To empha size basic environmental concepts such as 
interrelationships, interdependence, complexity, change. 

6i To collecj^ similar data each year and compare to 
determine lon^ term trends.. . . 



IT. Procedure : ■ ■ ■ , , 

i ^ Measure Meteorological Parameters - temperature 
variations, vertical and horizontal- profiles, humi di t y , 
visibility, wind direct ion.and veloOiity, pressure, sky . 
conditions, prec ipi ta tioii , rad iat io n-incoming and out- 
going . . 

a. compare data for areas of local influence - black 
top, grass, baire soil, trees r, tall grass, etc. 

b. relate, data to longer external' influence - 
topography, weather patterns, buildings, etc.. 

2. Go llectair borne particulates - aluminum ' sediment a t ion '"^ 
foils , cellophane tape collector,^ high volume air sampler, 
dust collector jars; rain water collection for solid content, 
condensation nucleus counter measureiments ,- rain drop size 
spec tr um mea sur em'en t s (relate to cleansing, c ha racteristica).,- 
a . De t ermine av e'r age mass of mat er ial col lec ted ; 

variations in average mass collected at same locations 
at the same.; time, at different times and at different 
locations . . ' 

b. Measure sizes (radius, diameter or volume) and size 
distributions.' ^ -* 

c. Determine, qualitative characteristics of collected 
materia Is - shapes, structure and" o t her .pr opert tes 
perhaps leading to id en t if ic at ion . 

d .-^ Measure t he . numb er^-of particles - total numbetj 
number per unit volume, number per unit area. 
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3. Heaf>uregaseous components of atmosphere . 
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E- 6 Sedimentation Foil Experiments 

for Air Pollution M^^asur emen t s 

I . In: roduc t ion : 

A network of sedimentation foils placed over a fairly 
large geo graphic area can give an indication of local 
air pollution and its sources^ The foils will collect 
particles that settle out of the air and ^ larger than 
the 10--50 y< range . 



1 1 . Ob jec t ives : 

To det ermine some characteristics of local pollution by 
measuring the amount of the larger size non-soluble 
particulate/ collect ed on sedimentation foils. 



Ill . Mat er xals : 



Heavy-duty aluminum foil, CE silicone adhesive resin 
SR--516, support stands, toluene solvent, analytical 
balance, drying oven. 

I . Pr oc edur e : 



1. Determine specific experiment(s); select appropriate 
site(s)(Keep experiment simple at first); determine 
addi t ional information desired - such as distance from 
highway , smokestack, or other specific sour^re, height 
above ground, etc. (See Appendix F-4). 

2 . Pr epar e appr opr ia t e number offoils; 

a. Cut alum in um to 4.0 cm x 7.4 cm foils(standard 
size for direct compar ison s with Project HYE and other 
pu)?lished data; Number the foils using ball point pen 
impr e ss ion ( see diagram la) . 

b. Dilute coating material 2 parts toluene, one part 
Sr-516. Coat foil liberally using a small brush or drip 
on and spread with stick. Leave about 1 cm of one end 
uncoa ted for easier handling. 

c. Bake coated foils 1-2 hours; @ 70^C in drying oven 
(or box with light bulb), or dry at room temperature for 
about 48 hours until weight stal3ility is achieved (test 
by weighing). Keep prep^ared foils in a dust^^free area. 



3. Construct suitable stands sufficiently sturdy to with- 
stand local winds and weather(see diagrams lb, Ic). 

Weigh foils to nearest 0^1 milligram if possible Just 
oefore mounting and exposing. 
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5- Mount and distribute foils. Expose foils for 30 days. 
(If exposed for shorter time, extra po late to 30 days 
for direct comparison rlth published d^ita). 

6* Record d'^es, locations, special conditions;, initial 
weights. Inspect s amp les periodically during exposure. 

7* Collect samp les, and oven dry unless no rain has 

occi red in 48 hours. Reweigh foils. Note special 

cone, tionss or discrepancies which wou Id invalidate results. 

8. Relate to meteoraitigical, topographical and other 
pollution data a va liable for the same period. (Contact 
local and state health depart^nents and a tmo spher ic , 
meteorological agencies) . 

9* Make optical observations of particles collected on 
foil using microscope or binocular microscope. Coat glass 
slides with Sr-516 to facilitate this part of work- Make 
size distribution measurements.(See Experl[nent B-15). 



CAUTION: 



1. Keep wind from bending foil samples. 

2. Keep coating away from moisture until dried. 

3. Choose locations not accessible, or at least 
inconvenient to, the idle and the curious. 

4. Don't make the coating on the foil too thin. 

V ■. Ques tions : 

1. What are the weight increases, average weight increases, 
and frequency distributions? 

2. What is the weight increase in tona per square mile 
per month? 



3. What is the relation of weight increases to locations 
(city, suburbs, country), pollution sources( bewar e of false 
conclusions here), prev ailing vind s 7 



VI . Comment * 



Measurements of this sort involve original research for 
individual localities. If the work is car ef ul ly done , the 
results would be cf sufficient interest to others to 
warrant pubi,lcation of the student 's work in an appro prittte 
science or teachers' journal or maga zi ne . Foils have 'been 
placed at the Grand Canyon and Lake Powell, and plans exist 
to use this technique in a few other metropolitan areas 
throughout the country. Comparisons can then be made for 
different localities to permit larger scale trends to 
becomeapparent. The individual results serve as a bench 
mark against which future measuremeni:.^ caiv be c ompar ^;d . 
Thus long term changes in pollutlou i^iVtil:* may be detected. 
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FOIt SAMPLER AND HOLDERS 




Vertical holder 
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E-7 Social Science Qu est ions 

i[ ' - ' , ' ■ ^ , ■ ■ ■ 

Thpse questions are Intended to aid tlie social studies 
t each er in s t imulat ing clkss discussion or projects when 
certain broad areas of the social science discipline are 
presented in class. The questions are s ugges t ed ways to 
proceed and are not mean t to be followed expl ic i t ly . 

Process Industries 

A. Activities: 

1. U^e the bibliography for sources of information 
relative to radioactive sources 

(a) What radioactive isotopes are pot eit^t ia lly. present 
in uranium mining dusts? 

(b) What b idslog ical ef f ec ts might these isotopes have? 

(c) What Is a half-life? Contrast this term with 
biological half-life. t 

(d) What is "normal background r.adiat ion?'* 

2, Obtain a geiger counter and see what background 
radiation is in your school. Where does ii come from?^ 

3*Questlonstoanswer: 

(a) What Is steel used for?" 

(b) Can we find out what proportion of steel goes Into? 
.(l)carmanufacture- 

(2) struc t ur al ^s teel for reinforced concrete 

(3) bridges 

(4) tin cans , 

(5) appliances 

(c) What wotild be the effect on the steel Industry If 

* the population remained constant but cars were built 
tolastfortenyears? ^ 

( d ) Wha t do we know about reprocessing of scrap steel? 

^ ^' ~ ' ' ' V.,-' 



Waste Disposal 

A. Questions: .V... 

1. Uow many methods of solid waste disposal can you think 
of? Wha t pollution risk does eac hincur?. 

2 . How muchwastels potent la lly rec/clable - assuming 
that we could encourage people to recycle wastes? 

3 . . What Is the waste production per capita in your 
community?^ In the United States? How. does this compare 
with the rest of the world? 



4. What gaseous or parti cu late matter is put out by 
incinerating plastics? 

Agricultural Control of Insects 

A. Questions ; / \. ^ ' 

1. What are the purposes of^ ins ec t icid es ? ^ 

2 . How do they differ- in chemical structure and mode 
of action? 

3< Select' a commonly used insecticide and e:camine the 
consequences \of its elimination in terms of the total 
ecologicalpicture/ 

4. What- precautions should" te exercised in the use of. 
spr ay >. aero sols >.f umigan ts to minimize risks? 

5 . What a 1 1 emp t s have, been made to find alternative 
methods of insect control? . . 



Sy s terns Ahaly sis 
A . Questions.; 

1. What is the relationship between a\orest and a, water, 
shed? ■■ . , ' . 

2< What can a private citizen do to work for sane 
silviculture practice? 

3. Why would he want to? (What's in it for him?) List 
reasons. (This could take up quite a bit of time) . 

4. What is a ^'climax" forest? ^ 

^ - - - ■ " . " 

'5 . How. much iroportaince should we attach to the economic 
Value of a forest? Long term? Short /^erm? 

6 i Can you bring back" a forest destroyed by improper 
silviculture? With what kind of treegj? Deciduous? 
Coniferous? Red wood? 

7 . List a number of enemies ofthe forests 
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E-8 Role Playinfi 



I< Introduction: 

Many students In Junior high school enjoy acting especially when 
they, are able to take adult parts. 

II. Objectives: 

1. To introduce students to various . types of media. 

2. To have students write an "air pollution^ interview" 
. script-^for some niedia form. ^ 

3. ^o involve students in a group activity. 

III. Materietls^: 

■ ' - . ' ■ . ■ ' ■ ' ' / ' 

script^ media apparatus \ 

IV,' Procedure : 

'* 

■t^ , . ■ . ■ ^ ' 

There Is no set pattern Bince the teacher is best able to Judge 

about the necessary steps that should be followed. This type of 

activity is especially good for so called slow grox^tps of students. 
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E-9 Auto Exhaus t Activity 



I. Introduction: 

^The major pollutants from automobile exhausts are carhon 
monoxide, sulfur oxides, hydrocarbons, nitrogen oxides 
and particles * The automc^bile accounts for 60% of the 
total source pollution emi 1 1 ed ever y year in.vthe 
United States.- The ma j or pollutants in the automobile 
exhaus t are carbon monoxide, hydrocarbons and nitrogen 
oxides. 

II i Ob j ec tives ; - ^ 

1. To isolate the major pollutants found in automobile 
exhaus t fumes . 

, 2. To contrast the pollutant output from a new versus an 
old automobile eng ine . 

3« To contrast, pollution output from a small versus a 
big engine. 

III. Materials; 

gas detection tubes, plastic bag, various types of cars 

IV. Procedure; 

1.' Collect, exhaust gas in a plastic bag for a few seconds. 
2 . Us ing the gas de tec t ion tubes , tes t r each type ot/^^s . 

3. Repeat the same procedure for a new car, old car, small . 
compac t , bo th old and new » / . 

4. Test during idling while engine is warm and cold. 

5 . Tes t af^ter cars ^.have been dr iven for the same amount 
of time athighspeeds^ 

V. Results; 

1. Prepare a summary table to indicate type and amount o f 
.pollutant for each vehicle under the var ious test cond i t ions 

VI * Questions ; 

1. Which gas seems to be evident in the greatest concen- 
tration? Is it the same gas for all operating conditions 
tes ted ? 

2. What conclusions can be drawn for old versus new cars 
under the same conditions? 
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3. What concluBione can be drawn for Inrge versus small 
carfi under the same conditions? 
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E-10 Noise Pollution 



I. Introduction: 

The Intenslty of sound may give discomf orti « pain and 
damage to tht^ auditory system over an 8 hour day/^ 
Although the frequency of the noise. Is essential to 
the el imlna t Ion of pptientlally hazardous noise prolilems 
It Is easier to monitor sound Intensity levels. 

^Whlle evidence Indicates, that levels of noise below 
75 db are not dangerous* progressive noise - Induced 
deafness Is. known to occur through continuous 8 hour 
exposure In the 80 to 85 db range. 

II. Objectives: 

1 . To determine local levels of Intensity of sound and 
es t Ima te their po t ent lal as a heal th hazard . 

Ill . Mater lals ; 

audiometer (see A*ll) Appendix F*8 . ^ ^ 

IV. * Procedure: 

1. Referring to Appendix F-8« use the db ratings to 
calibrate the Instrument . 

2. Measure the level of sound Intensity at various 
areas(e.g. school^ Intersections « store* etc.) 

3. Repeat your measurements at various times during 
the day and during the week . 

V. Results: 

1 . Rank the sites monitored from the most dangerous 
to the least dangerous. ^ ^ 

yi. Questions: jt ■ * 

. 1. How does your ranking agree with Appendix F*8? 

2. Can you suggest flow patterns or "alternative 
measures for alleviating dangerous areas? 

3 . How would you go about detecting frequencies that 
might be dangerous to the auditory system? 



ERIC 



-276* 



F. Appttadlx-*CoijLectloa of Tttbl«ttt 6T«phtt» 
Dtttttf tttid Useful Fttcttt 



1. ; Bttttufert Settle 

2. Pollutents end Seneltlve Vegetetlon 

3. Converelon Fectore 

4. Seaple Coaputetlon for Sedlaentetlon 
Foil Experlaente 

5. Unite , for Reporting Air Pollution 
Meeeuteaente 

6* Nolee Levele fro* Verioue Actlyltlee 

end Thresholde of Heerlng 
7. Life Style Sook Llet 
8* ^ Science Fiction for Scenerloe 
9. Hletorlcel Blbllogrephy 



V 
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/r^F-l Beaufort Scale 



No. Description of Wind Effect 



E quivalent 
in Knots 



0 Smoke rises yenically less than t 

1 Wind direction shown by smoke <lrift but not by 

wind vane t-) 

2 Wind leJt on face; leaves rustle; vane moved by 

wind 4^ 

3 - Leaves and small twigs in constant motion; wind 

«xt«nds Ught flag 7-tO 

4 Raises dust end LDose paper; small brandies are 

moved 11-16 

5 SknaU trees in leaf begin to sway; crested wavelets 

form on inland water 17-21 
. 6 Urgebianchesinmotioc;whistUngheaFdui 

telegraph wires; umbrellas used with difficulty 22-27 - 

7 Whole trees in motion; inconvenience. felt in 

walking against wind ' . 28-3) 

8 ft%aks twigs ofiT trees; generally impedes progress 

in walking against wind . 34-h40 

9 Slight structural damage occurs; chimney pots 

and slate removed . 41-47 

10 Seldontexpa1enc^dinlflnd;treesuprooted; 

considerable damage occurs 48-55 

1 1 Very rarely experienced ; widespread damage 56-^ 

12 Hurricane force ' abovie 65 
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F-2 Pollutant and SensUive Vege tation 



Polliitant 



Sensitive Vegetation 



Ozone 

PAN 

KOg 

SOg 

HF 

Cl2 

CHg 



Spinach, tobacco, tomat^t bean 
Petunia, pinto becin 
Petunia, bean, tomato 
Potato, alfalfa* white pine 
Gladiolus, ponderoea pine 
Cucumber, begonia 
Tomato, azalia 
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P-3 Conversion Factors 



2 knots ^ 1 meter/sec. « 2 naut. m.p 
3.30 m.p.h. 

1 km. ^ 1000 m. » 0.621 stat. miles 
O.^liO naut. miles 

2.5I* cm. = 1 inch 

30.5 cia. = 1 foot 

1.0 m. = 3.28 feet . 

1 cm. " 10 nan. « 0.39** inches 



1 micron i u) ■ 10*** cm. 



U^U gm. ~ 1 pound 



F-1* Sagple Corotttatlons for 3edla&Dtfctlw Foil Exprittpntg 



Method for converting 30, day foil weight increases in millaoraias. to 
lon^ per square mi^e per noiithi * . ■ . . 

a) Convert foil, veight increases in lailligrams to tons,- For 
e:<a:::ple ayersi^e weight- 9*3mg, . 

9,,3^tg 1> 2. 2ii;js Iton _ 20J*6tQns_._ . 10 ,23xlO"9tons, . 

^iP^^^'S^g^ Ik^ .^2x10^1-155.''' 2x10^ . 

. : Mote; Each fraction . used to multiply- 9* 3mg has a v^lIiks of 1^ 
" :'.Thereirore" the value of the weight 9v3Ei'^'^^emains unchang 
<J(aly the unit of weighi i?. changed, . 

9t3nig : . Big- . " . 

l,Om£/== l,lxlO^<tons 

b) Similarly, convert foil sample area to square miles 
" Area of foil = ^.Ocm x 6,iicm = 25.6cm^ 

25t.6cia^ y lin y lin,.„. x }^^^.,yi '^^^ ^ =^ ' 

. 2,5»i;cin 2,5ijicni l^i*in^ 5260ft 5280ft 

6. i^5cii? 1. ^ili^cIO'^iA^ 27.9xl0^ftf^ 259*JtlO^'^ ■;. 

__2 ^,6m i^ 9,88xlO"10mi2 

- 2^59x10-^^ . ; : . - 

' c) Therefore, for a sampling period of 30 days: - ^ . 

- 10.2 3>:10"^l,ons ^ l,0iixioltons/nii2/nioivth = lO.ii'tons/iui^/jQonth 

Altiirnative method using standard foil, coating siz.e (i*<Ocin x 6.i4cin) 

^ l,Omg = l,13tons/iL'i^ 
Thu:;., for average foil deposition of 9- 3mg 

- 9.3Ti^K:: a*13tons/nii^ ^" 10, Stons/mi^ ; 

Compare this with lOtittons/mi of previous cotaputations , 

Tor rinding totwl sediinentation sajfipling area ie 1? mile radius 
of /J,baiiy Aii'porr; . . 

^) Ai-u =:i'r''^ = 3,U(l5mi^) T06,5ini^ \ ^ . 
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Recqpnended tlhits tor Reportipg Air ^Pollution ifeasureineiita 



Coniu 
VUihilu\ 

Voluiui' olMis^^oll MU's 
S:4M[)|]i>g r;iK"* 

IVnijJiiitUirc 
Time 

VH<K*iiy 



Ninnhrr per !;*.p^;iri' tciiii' 
iiicu'r" per rititf irt(rrt;i) 

Ciibk meters filt'ciinciers tit 
fm<tm) per ii^fniit^ 

Meters ptr ?vr*>M(! ^ 
1%i-[X)rLul :ii TfiO n>t?i 
aivMO*C 



t() X 10*^ ;iM(( lip puvikNs^in^ 



1ft iTii^;uiiM Ki ^ ra^'iriin 



r 
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Molse Levels from ¥|Lrlow.ActiTl ties 
In an Bcban CoMunlty 



too 



sr. 



, f 



el 

CO 



40 



1th 

— tiO- 

-Ml-- 

bO* - 



'-it 



I 



Threpholda of Hearing vs. Frequetitey 



"-"1 r — 




I 
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r-7 Life Style Book List 



Class Sets - 

De Bell, Oarrett, T ho Enyironraental Handbook , Ballantine, 1970. 

Good for reading in whole or in part. The followinc essays 
. Eire particularly pertinent for this unit. 

1. Be Bell, Garrett, /^Education and Ecology,"?. 127 

. . ve are not providing the kind of education 
that'will eillow the electorate to evaluate ^the choices 
that are, or will te, available to them." 

2. Fischer, John, "Survival U. : Prospectxis for a Really , 

Relevant University," p. 13*^. 

"All these courses (and everything else te^iit at 
Survival U) are really tranches of a single science. 
Human ecology is one of the youngest disciplines, 
and probatly the most iinportant. It ie the study of 
the relationship hetween man and. hi & environment, hoth 
natural and technological. It teaches us to understand 
the consequences of our actions" . . 
- , ^ (italics "by svs ) 

3. De Bell, Garrett," "Recycling," p. 2ll*. 

A practical guide to the optimum use of material 
and the iavoidance of vaster 

U. Hardin, Garrett, "The Tragedy of the Commons," p. 31. 

lising the analogy of the pasture held in couimon 
"by a vhole community, Hardin says: 

Each man is locked into a system that ccaupels 
him to increase his herd vlthout limit — in a 
world that is limited. Ruin is the destination 
toward which all men rush, each p^L^suing his 
own test interest in. a society that believes 
in the, freedom of the commons. Freedom in a 
commons brings ruin to all. 

He quotes Charles Prarikel: 

Responsibility is the prodact of definite 
socieil arrangements. 
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5- Snyder, Gar/, '*Four Changes,'' p. 323 (In ^tie Environanental 
Handbook this is attributed to the Berkeley Ecological 
Centre ) 

The four ai^etos in which imagj.native proposals are 
made arc; 

a. Population 

b. Pollution 

c. Consuniption 

d. Transformation 

6. White, Eynn, Jr., "The Historic£Ll Roots of our Ecological 
Crisis p. 12. 

White sayf?: 

Christianity, in absolute contrast to ancient 
paganism and Asians religions (except pej-^naps 
Zoroastrianicm) , not only established a dualism 
of man and nature but also insisted that it is 
God's will that man exploit nature for his proper 

ends By destroying pagan animism, 

Christianity raade it possible to exploit nature j 
in a mood of indifference to the feelings of ■ 
natixral objects. 

Tlie greateJit spiritual revolutionary in Western 
history, SaJnt Francis ^ proposed what he thought 
wa;^ an alternative Christian view of nature and 
man's r^jlation to it: he tried to substitute ''^he 
idea of the equality of all creatures, including 
man^ for the idea of man's . imitless rule of 
creation. He failed. Eoth oiir present iicience 
and our present technology ar.? so tinctured with 
orthodox Christian arrogance toward nature that 
no solution for our ecological crisis can be 
expected from them alone. 

Krntch, J. U., j.'^ oreau: Walden and other Writ inf^^ ^ ^ Bantam 

There if; no Xjarticulm reason vhy the teacher should not purchase 
his own favorite edition of Thoreau's Wal&en . This edition is 
cheap, contain^ other pertinent essays, Rtnd an introduction by 
Jo:icp]i Wood Krutch. 

Skinner, B. F., V^^aldej^^Two , M^icmillan / I9^t6 (paper) 

Thif: nnt^ Wa'hk'n are bciDi synojjslzt.-d in tlio Etturly (^.uide. 
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Pfimiphle t ■ ■ 

Berubc, Allan, "Ecology: Making Peace with Nature and With Each Other^: 
A Green Paper," Boston Area Ecology Action , 925 Massachusetts 
Avonue , Cambridge ^. Massachusetts 02139 • 

Since this item is free, in the interests of ecological consistency 
It might be well to order a few copies and then reproduce what you 
tieed through your school facilities.. \ 

Eerube Says : ■ ; ^ - . 

^'3Phe pui*pose is to examine the traditional 

cdnservationist and anti-^pollutionist approach to 
environmental problems, to explain and illustrate the 
new, ecology action approach, and to e^lore the 
Implications of seeing ^non**environmenval* problems 
from an ecological perspective." 

Literature to have available in your library 

The Bha^ a vadKlta V' - 

^he edition we have, cQmi>lete with SarUikrit text, is hardcover, 
published by Harper and Brothers . AbbjVeviated^editions are 
available in paperback (Signet)- . . 

\ We found it useful to abstract lists of epigrai^matic statements, 
ditto them, and pass them to the students. Thoreau was well- 
read In Hindu philosophy, and admitted to read widely and fre- 
q^uently in The Bha^;avaolfiita > Occasionally one has students who 
are interested in Eastern Religion. This book is a good starling 
point for such a student. He could compare it with Herman Hesse's 
Siddhar^ha. -. . 

A good way of exploring alternative life styles- 

Chase,. Stuart , Gui des to Straight Thinking , New York; Harper and Row,- 1956 

Since the whole area of environmental studies and life styles 

can lend itself to a great deal, of sentimentalism ^d emotionalism, 

a book like this can be a useful antidote- Use in conj\mction 

with Hnyakawa's Language in Thought and Mtion . Particularly . 

useful are his chapters exposing common fallacies : over-generalising, 

false analogy, arguing in circles, etc. 

Faulkner, Williaui, The Bear . 

This is available in most school libraries, either in anthology ^ 
or in Go Down Moses. For our purposes we would rocoiiimend the 
full version of The Bear which can certainly be read by competent 
junior and seniors, although it poses difficulties. 



It provides a good opportmity to explore > in literature^ thq_ 
' highly individualistic, life-style which is part of the romance 
of America. l\ 

Hardifij Garrett > ed. > Population^ Evolution, and Birth Control > ^an 
' li*rancisco> Freeinaiij 1969* ' 

One of the several good anthologies which are "beginning to 
appear. . . . \ ■ ' 

Sample items:. 

Thomas Mai thus > "An Essoy on the Principle of Population" 
Harrison Brown> "The Challenge of Man's Future" 
0 . H., Fremliiij'. "How Many People Can thcf Wqrld Support?" .. 
William Petersen j "Marx versus Malthus" 

Garrett Hardin > "Interstellar Migration and the. Population 

Problem" ^ . . 

Robert Frost > "The Road Not Taken" 

Hayakawa^ S. I . > . Languagge i n Thoui;ht and Actio n ^ Harcourt Brace 
World, 196*4. r 

A semantic approach to :the whole problem,; One could/'of course, 
start with a course in semantics, and then move to enviroimental - 
aspects. Kspecially >iseful are . chapter 2, Symbols , 'and chapter 3, - 
Reports,. Inferences, Judgiaents. 

Hermann Hesse, SiddL-taj^tha^ .Nev- York: ' New Directions^- 196^*^ 

^ This r.hort novel is a good ijitroduction to Eastern ponbepts , 
of; the Universe-. It provides a usciMl contrast to many Western 
assumptions. Emphasis is on the unity of the universe, and ■ 
on the cyclical nature of experience. Compare with lyim White, 
Jr.'s essay in The Environmental Handbook . Compare White's 
esqpositioti of the Western world view with Hesse's examination 
of the Eastern world view. What, implications have each for 
choosing an' ecologically valid life style? ' 

Huxlej^-, Aldous > -Brave Mow VJor l d and Brave Mevf Worl d Revisited , New York; 
^ Harper, 196O. ' ^ / . - 

If you prefer you could us^e this instead of Walden Tv ro. Many 
of the concepts of social control are the same. The, difference 
. lies in toDej eitrp^Aasis, and atyle (Skitiner is' no stylist!) ITiis 
■ would be included in t^ie list/ of Utopian societies that some 

student may want to compile. A compare and contrast paper using., 
this and Wa.1 den Two mi ght be fuji for somebody\ 

Huxloy, Aldous, Is:; and,' New York: Harper and Row, 3.962. 

This is worth teaching h^y itself, if you havea class of students 
Vho real2.y vrant to explore , The GooS Society. T^ie people on^the 
Island of-PaJa arcv emnently' reag^onable. Hurley predicts that' 

the T'^^t of world vill. not low them to c'C-f^* l"u^i to be 



Krutch, Joseph, Wood, The Measure of Man , Charter Books, 19^2 , 



■ Krutch is also the editor of the edition of Walden^ which 

recoimnend. He is' violently opposed to B.F- Skinner's ideas, 
. and raises some excellent objections, to Skinner's %uman. 
engineering** which some students may want to explore. 

Miller, Periy*, The Ajnerican Puritans , Doubleday, 1956. 

_.In a veiy readable anthology ot selections, from the writings 
cf the Puritans, Periy Miller provides us with a sampling 
of items which demonstrate , some early views of The Good Society 
on which our country was founded. Read the selections with 
an^ eye.to identifying assun\ptions about the good life and the 
'relationship between man and his woi*ld- 

Shepard, Paul, and Daniel McKinley\ The Subversive Science : i 

-Essr^ s Toward an Ecology of Man^ Boston, Houghton Miff lin 19^9 . 

i tty choice of title is not facetious. I wish to explore, a . , 
question of growing concern. Is ecology a phase of science of 
limited interest and .utility? , Or, if takejci seriously as an 
ihst,raTnent for the. long-run welfare of mankind, would it / 
endanger the assuiiq)tions and practices accepted by modern 
societies. Whatever their doctrinal commitments? 

—Paul Bi Sears , **Ecology-- 
' A Subversive Subject,** Bio- 

science iM?) : 11 , 196I*. 

This book is comprehensive enough that it could be used as 
one of the texts for a full'- fledged^ course. It fis however 
geared for ^the mature and well-informed, and probably would 
not be appropriate for most high school grotrps. Sample 
titles include: 

' . " ■ ■ ■ I -■ . "■ ^ 

1. Samuel Brody, j*Facts , Fables, and Fallacies 

on Feeding the|World. Population*' * 

.2. Alan Watts, "The Individual as Man/World** 

^ 3. Colin Bertram, *-Man Pressure'* 

1*.' -G. Evelyn Hutchinson, ''Fifty Years of Man in the Zoo** 

5. Bene J. Dubos , '^Second Tiioujglits on the Gerin Theoiy** 

6. G. M. Woodwell, et. al., **A-Boiubs, Bugbombs , and Us** 
7- Frank E. , Egler, **Pesticides"-In Our Ecosystem'V ^ 
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V/atts,/ Alan, The Book;, Pantheon, ^ 

/ " ' ^ . ^ \ ' • ■■ . - ^ 

This is for the student who enjoys Si ddhartha and Island - 
There are prahahly many books which help us look at ourselves 
in nciw vays. Hbvrever Watts is a useful choice since he throws 
light on Eastern vays of . looking at self in relationship to- 
the universe. .Currently this way appeals to many young people - 

\ '\ ' ■ ' 1 ' ■ ' ' ■ ■ ' 

Watts, Alan, Psychotherapy East and West , Pantheon, 196I- 

The important thing about Alan._Watts is that he puts concepts 
in ways that are unusual for most of us- ^In Chapter 2, "Society 
and Sanity," he says: 

An enduring organism is simply one that is consistent 
with its environment. Its climate and its food agree 
with it; its. pattern assimilates them^ eliminating what 
does not agree, ^d this consistent motion , this trans- 
.fonhation of food. and air into the pattern of the organism, 
is what we call its existence- There is no mysterious - 
necessity for this to continue or discontinue. To say 
v. ^ that the organism needs fdbd is only to. say that it is_ 

food.. To say that it eats because it is hungry is only 
to say. that it eats when it is rea<3y to eat- To say ■ 
that it dies because it cannot find food is only another 
way of ssying^ that its death is the same thing as. its 
' ceasing to be consistent , with the environment.' 

. ;. He suggests that each society sets up its own set of rules for 
' playing a gajtnc of living in that society- ' The first rule of th^ 
; game for. each society is, "This game is serious ^ i-e-, Is not a 
game-/* He goes on to point o\it ways in which our game frustrates 
us ; ' ^ . , V, 

For p^ajmple, one of our greatest assets for survival 
is our sense of time, our^marvelously sensitive memory , 
which enables us to predict the futtrre from the pattern 
of the past. Ypt awareness of time ceases to be an rsset 
T, when concern for the future '^makes it increasingly. ceiM:ain 
that beyond a brief span we have no future. If, tod, 
man's groVing sensitivity requires that be become more 
\ and more aware of himself as an individual, if social 
■\ institutions arc designed more and more to foster the 
\ unique person, not only ore we in great danger of over- 
' populating but also are betting and concentrating u^on 
man in his. most vu3.herable and impermanent form. . 

Vhite B-, llie Secon d Tree From tho _ Co rner, Hew York; Harper, 195^- 

S- B-: White Has been cohcenied about jhe environment for several 
decades and has recorded his concern in the p^ges of The . New 
Yorker- . On<^ particularly good iitory expressing this concern is- 
/ ^'TUe Kprning of the Day They Did It-*' ':In "About %sclf*' White \ 

de;scril,ief;*^: hjir^oeLf in away which revo^Os the d<.*b;i:nan1 7-ing effects 



of some aspects of- our society. "Ttte Door" again touches on 
dehtiinanization , comparing a man in the pressures of society with 
an experimental rat, - . , ^ 

Whii^e is a long time disciiple of Henry David Tho^eau, Several 
of the pieces* in this volume are worth reading as one reads* 
Walden , Try "The Retort Transcendentetl,". Or. get a copy of 
White's One Man's Meat and read his, imaginary letter to Thoreau. 



' Magazines * : ' ^ \ 

J. 

Earth Day produced a spate of environraentetl articles . The 
environmental movement has also caused certain magazines to 
■ set up departments on the' ei5rviromnent , Saturday Review has a 
monthly "Earth Watch." Time ^ has an environmental section. 
Furthermore, a number of magazines deyoted whole issues to the 
r ^subject of the environment during the spring of 1970 j magazines; 
so varied in their. normal pxu^suits as Fortune (February , 1970) 
and Ramparts (May, 1970). Many of these turn their f>ttention 
to the relationship of life-style to problems, of the environment, 

■. In addition to the above, vre. list here a saiiipling of periodical 
literature which appeared in general magazines during the spring 
of 1970. Our purpose is to show the range, not to provide an 
exhaustive bibliography, ' ; ^ , 

Bai^thlemes , V- , "Pollution and the Poor," Commonweal, 
91i5lt9«5 F 20 '70 

Eemsteinj, V,, ''Earth, Love it or Leave it," Re dbook , 135:97 
May, 1970. " ■ 

Collier,.?,, "Ecologica3. Destruction is a condition of American 
Life," interview with, Paul Ehrlich, Mademoiselle ^ 70;l38-9, 
April, 1970 

Dale, Edi^in- L/, Jr, , . ''Economics of Pollution;" Mew York Times 
Magazine,' pp, 27-29, April, 19, 1970. 

/^Earth Watch," Saturday Review, 53:6o, Hai^ch 7i P- 58, April 
pp. 60-1, May 2, 197O, 

"Forty ways you can Depollute the Earth," Mademoiselle , 70:112, 
Apri.l, 1970. ^ ■ . 

Prome, , "Cross-purposes in the ilnvironmental Crusade," 
Field and Stream , 75:^2, May, 1970. 
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HarringLon, Michael, "Politics of Pollution; Why are the Corporations 
Cooperating?" C<2nm,onvealj,-92:lll-l^> April ITV 1970. 

Keller, . G., "New Coiirscs on. the Environment," Seventeen , 
29:36, May, 1970. ■ 

Kixon, Richard, and Edmund Mushie , "Environment': A National Mission 
for the;;Seventies , " Fortune 8l:9Q-l'i8, February, .1970._ 

Rodcers, V. ' H. , Jr., "Tacoma's Tall Stack," 111 at ion , eiO:-5'J3-7, May 
- 11., 1970.- ■ . . 

"Trade-offs for a Better Environment , Business Vcek , 
April 11,, 1970. ^. ^ ' ; 



Film Strips ' . . . - . , ' 

"Crisis of the EiivIronTnent" Thg New .York ^i mes, 1970 ; 

This consists of five, film strips j five accompanying I'ccords.j 
. five booklets s and a class supply.^of Eingleman charts.. 
The titles include; ... . 

1. . .''Man: An Endangered Species?" ^ 

2. '^Breaking the Biological Strand": , . . 
3' "Vanishing Species*' ■ . 

' '^Preserve and Protect!' 
5- "Population Explosion" 

'The series is beautifully photographed^ and s^iems to be responsibly 
written t In addition to a thorough exposition of the various 
problems J it q^uotes widely from scientists end from other, people 
who 8Te intimately concerned with environmental problems: Dr. 
Paul Ehrlich'j Dr. Barry Commoner j Dr. Robert V/hite-Stev^ens j Henry 
David Thoreau J ' Hariy .Caudillj and others. 

The text is adult. This may pose problems for use of the film 
strip with younger or slower groups. Suggestion ;. let an^nterestcd 
student have as a project the writing of a new continuity in 
simpler terms so that the fi].m strips may . be used with a wider 
range of classes • 

The booklets or teachers' guides contain study outlines which 
could be used if one wanted to expand this, unit into a full-f ledgedj 
one Semester course . They also contain questions for discussion, 
suggested activities J and bibliographies. 

In addition- to using the film strips as an adjunct to the course j 
one could xisc them In several other wtiys: 

3. As student pi-ojects. ^ Students^ could f tuniliai'lKe them-- 
selves with the strips /and offer their services to 
other teachers. If other teachers were aware that your 
: t'3f^.ss -^as runiiin^ u speakers' bur^^aUj they could invite 

i . y^' r ;-i '\y'>^^jCO^r^' ovnr to rA 7^ ^\r. i!l lust7\7t t ^yp. ;;>omG 
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Environinenl:al AmlDassadors . Tiiis is a project of the SURVIVAJj 
clVb in Linton High School. Environmental ambassadors 
have prepared themselves to give talks to elementtvry school 
children. They travel in pairs, going either to a single 
elementary class iU^6) or perhaps to aji asseinb."J^ of several 
classes. This vorks in several ways. First, » r.iny elementary 
children are aware of "pollution" and welcorio the opport\inity 
to talk to someone about it. The film strip helps focue their 
(luestions. The novelty for the child in having "one of the 
big kids" come in and give a talk enhances the whole situation. 
The harassed elementary teacher is relieved of the need to rusVi 
out and bone up on still another topic. 

And the ambassadors, themselves learn more than anyorc 
else by having to teach. 



Fr-8 Science Fiction for Scenarios 



ABlmovV-Is&ac; The. CavoG of istegl > New York, Doubleday.y X95'^- 

Interesting projection of a highly urbanized vo\Xd of 
the 'future- 

Earthelme , Donald , "Gajne , " from Unspeakable Practices , Unnatural Acts , 
New York, Farrar, etc-, (also Bantam (n^^llV. , T 

Chilling short' story of .the. "what if the guy who is 
' in a position to push the hutton'is crazy'-' variety.-. 

Bradbmy, Ray, "There Will Come Soft Rains," The Martian C hronicles , 
Bantam C5l(8i>3) ^ ^ .. 

Prom the Ihiglish teacher's point .of view this is 
fun to teach, as there is no human character, aiJd the 
wholo effect is achieved through personification. 
Generally this is another good "vhat if" story, of the 
last house left standing in California- - 

Camiis, Albert, The Flafflie , Modeirn Library (t69) 

This is not strictly science .ficti'on , although i-t- is* 
. spec\ilatiTe- However, in this, novel of several good 
jnon and their ways of facing; disaster, many of the problems 
of human responsibility and of heroism in the facci of 
■ despair are raised. For the philosophically, oriented class, 
it raises the question: vhat does the ^ood man do in times 
of cataclysm? 

Capek, Karol^ U. B,; (h62^3)'^^ E- Washington Sc^uare Press. 

7::\. Thif> play, -wrijiten in 1923, anticipates many of the 

\ questions that have arisen in recently years, especia33y 
about automation, '^the future of man. in an increasingly 
.mechanized society^ and so on-.*^ 

Miller, Walter^ A Cantic.U .for Leibowits , (S2973) Bantam 

This book is .difficu3.t, so save it for your best students, 
stylistically alone, it is one of the ten best science 
fiction, novels of- a] 1 time. Its theme is the conflict 
between science and :^eli£*ion- "Miller probab}y loa(3s the 
deck slightly in favor of religion, but he really does 
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Miller, Wa^lter, (contirraecl) 

play fair, and make a good case for the need of a 
synthesis of both. He takes mankind through three ages 
in the future, during which man recapitulates his vhole 
experience since the fall of Rome* In addition to the 
seriousness of the theme. Miller is concerned vith matching 
his prose style to his ideas; the result is a lightly 
ironic style which nudges at you throughout the book, 
making sure you understand* 

Vonnegut^ Kurt, pl ayer Piano , UN23 Avon 

A good satire on the. effects of the automated society 
upon men* Men replaced by machines begin to build up 
a social resistance to managers of factories. Eventually 
there is an all out revolt, during which the machines 
are destroyed. However, before the book is over, 
someone is already inventing a new labor-saving device i 
and ve realize we're back on the merry -go-*round» 

\fyndhain, Jcjin, Rebirth, (Ol638) Ballantine 

This book deals with a post-holocaust society in 
which a great deal of mutation has taken place* 
Usages and customs have built up as a result of the 
society's attempt to account for the biological disasters 
caused by excessive mutation* Tiie society depicted 

Rebi rth is not unlike the society described in Arthur 
Miller's The Crucible : bigoted, fearfial, and punitive. 
The book makes a good scenario for demonstreting the 

mechanisms men employ in seeking to account for things 
that happen in the world. Wc-; woiald rather run the risk 

of being wrong in our explanation of vhy things happen, 

than not try to explain at all- 
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P-9 HISTORICAL BIBLIOGRAPHY 
Accounts of the various 20th century air dlseisteis^^an be founfi 
in varying length and detail In t^i® following sources ; 

Lelnward, Gerald, Air a^d Water Pollution , Washington 
Square Press, 1969. 

Reference is made to the disaster in the Meuse Vall^, 
Donora and London in the first section of this paperback 
(pp. 22-23). 

Lewis, Howard, R., With Every Breath You Take , Crown 

Publishers Inc-, 1965. 
World Heetlth Organization, Air Pollution . Columbia 

University Press, 1961. 

Air Conservation CommlBslon the Ainerlcau Association for 
the Advancement of Science, Air Conservation , Publication 
No. 80 of the American Association for the Advancement 
of Science, Washington, D.C., 1965. 

Carr, Donald The Breath of Life , W.W. Nortom and Ctntpany 
Incorporated, New York, 1965. Chapter 3 of this book is 
devoted to a discussion of the veirlouB air disasters. 

Magill, Paul L., Francis R. Holden, Charles Ackley Editors, 
Air Pollution Handbook , McGraw-Hill Book Company, 1956. 



Perry, John, Our Polluted World : Can Man Survive? Hew York: 

Franklin Watts Incorporated, 196?. 
StiU, Henry, The Dirty A nimal , New York: Hawthorne Books, 196? . 
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Other sources specifically referred to: 

Hardin, Garrett, "The Tragedy of the Comnons," 

Envirbniiy"'''-al HeadTaook . Ballentine Books, 1970. 
Bagdikian, Ben H. , "Death in Ovur Air," The Saturday 

Evening Post, OctoUer 8, 1966, pp. 31-35, IO6-IIO. 
Thackeray, Ted 0., "PittsUurgh: How Ore City Did It," 

Controlling Pallution :. The Eoonom^ ^H of a Cleaner 

America, edited Uy Marshall I. Goldman, pp. l39-ll»2. 



GZiOSSAR? 



ABSORPTIOH - the pBSSBge of a substance Into or through another Bubstance 
(see adsox^ptlon) 

ADIABATIC PROCESS - changes in matter which take Place without the trans- 
fer of energy ^ 

ASVECTION - the horlzcmtal movanent of a laaaa of air that causae changes 
in physical properties of the local enTlronMental air, 

ADSORPTION * the attachment of a aubstence to the surface of a second 
subetance which is in the solid or liquid phMe 

AEROSOL - a solid or liquid particle that nay remain suspended in the_ 
atmosphere because of its sizes generally refers to particles under 
1 micron in diameter 

AIR SHED - a geogi-aphic area that is assumed to share the same air. 

ALEUTIAN & ICELANDIC LO^ - the semi-permanent low pressure regions in the 
troposphere that are normally fbimd over the Aleutian Islands' and 
Iceland 

ALVEOLI * the tiny air sacs at the end of the bronchioles of the lung« where 
oxygen and carbon dioxide tmasfer takes place ' 

AMBI£3fT AIR - the surrounding air 

BIOSPHERE - the part of the world in which life can exist 

BHOHCHIAL AS^PHUA an attack consisting of marroving of the bronchioles* 

swelling or thtokening of the mucous m^brane* accoo^anied by i^eeziog 
or coughing 

BSONCHIOI^ - small branch of the bronchus 

BROHCHUS r a major airv«^ of the respiratory system 

CILVA - halr^like cells that line the alrvays 

COnVECnVE motions - the transfer^of masses of alr> in the vertical* produced 
by thermal or pressure differences 

C!rCLONIC COLLECTOR - any of several mechanical devices that employ rotational 
motion to remove particles from an air stream 

ECOSYSTEM - the .functioning unit vtiich coitprises the physical environment 
and the ecological coamunity 

ELECTROMAGNETS C RADIAOIIOir SPECTRUM - the complete range of waves, commonly 

classified according to frequency and wave length, that transmits energy 

by r&^Siatiyn^ 
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E94PHYSEHA - a change in the lungs vhich reaultB in a l)reakdowii of th« j 
walls of the alvioli 

ENTRAINMEST - the transport l)y mechanical means of foreign 8ul)8taQce 
'by the system under study 

EIVlltOIlHENT - the conposite of all external conditions and influences 
affecting the surriYal of an organisoi 

EUTBOPHY - l)odles of water vHich are hi^ In nutrients and lov in oxygen 
content at the l)c^toaii and characterised 'by rapid algae grovth 

FAiST BREEDER REACFOB * the aivpavatus in which nuclear fission takes place 
and fissional)le l)yproduct3 are produced faster than consuaed 

FISSIOII r the splitting of large atomic nuclei into smaller nuGlei(fission 
fragments), accocEpanied l)y the release of large amounts of energy 

FLY ASH - the particle Impurities exhttosted Into the atmos]phere as a result 
of the l)uming of organic fuels . ■ \ 

FROHTAL IKVERSION * an inversion condition produced 'by the frontal 
temperature in the vertical 

FUME - smoke vapor or gas produced 'by chemical reactions or the condensation 
of vapor 

GIjOBAL heat balance - the accounting of what happens to the incoming and 
out going radiation of the e4rth*atao8phere system* 

GROUND WA^ESR - water which saturates a zone of earth l)elov the surface 
and constantly seeps into streams and lakes 

GROWTH RATE *^ equals l)irthrate minus deathrate^ 

HEAT ISLAND EFFECT - the phenomenon of air circulation peculiar to cities 

HORSE LATITUDES * either of the regions near 30^ latijbude chariusterized 
by hieJi pressure, calms and ligjit baffling winds 

HYDROCARBOIIS - any of the family of compounds which contain carbon and 
' hydrogen atoms in various combinations 

HYGROSOOPIC * any particle that readily abaorbs and. retains moisture 

IMPACTION " the forcefulj collision and lodging of airborne particles 
caused by horizontal movement of air masses 

INVEHSIOM - a layer of cool air trapped by a layer of warm air above it, 
preventing the lower layer of air from rising 

ISOTHERMAL - points in the environment that are at the same teoperatiure 
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LAPSE RATE * the rate of change of temperature vith altitude 
LATENT ENIHCjY - energy that is released or a^acnrted during a phase change 
I4EACH * to reinove aoluhle components by uae of an exceas of solvent 
LEE the side that is sheltered from the vind 

LIC^HT PHASE (photosynthesis) * the segment of the photosynthetib process 
during vhich light energy is utilized to decompose the vater molecule 

MERIDIOKAL PLANE - £ plane perpendicular ^ to a tangent plane at the earth*a^ 
surface and containing a line of lon^tude 

HESOSPHERE ^ a layer-of atmosphere extending from the top of the atratosphere 
to an altitude of ahout 50 miles* r r 

MILLIBAR - a unit of atmosphere pressure equal to 1/1000 of a har (1013 mh« 
one ataoaphere) 

NILLIBAD 1/1000 of a unit of measurement for ionising radiation absorhed 

by. man . ' ^ 

HIXINQ DEPTH - the thickneas of the aecior of the atmosphere in vhicfa air 
rises frc»ii the earthU surface to the iBVerai<m 

NITROCjEN fixation - the conversion of free atmospheric nitrogen to nitrogen 
compounds primarily by action of soil hactaria 

NITROGER oxides * gases fmmed trcm atmospheric nitrogen and o:^een primarily 
under condlticHis of coDibustion at high temperature and Utgb pressure 

ORCjRAPHIC - relating to mountains 

fiXIDAIION - the formation of new aubstancea by diemtcal reactions involving 
combination vith oiQrgen 

OZONE - a pungent, colorless, triatomic oxygen gas that is toxic and corrosive 

PHOTOCHEMICAL - chemical changes brought about by the utilization of radiant 
* energy 

PLUME - the visual effluent fnwn^^a stack 

POLAR FROR - the vorld*s principel front betwen the polar eaaterliea and 

the vesterlles vhich pauaeB much of the stormineas of the temperate zone 

PPM - parts per million; the number of v«>rts. of a given pollutant in a 
milliOT parts of air 

RECESSIVE GENES ^ a character faator vhichis masked by the dominant gene vhen 
both are present in an individual 

O 

ERLC - 



-301* 



SCRUBBER ^ a device that uses a li(itdd spray to remove particulate and 
gaseous pollutants from an air stream 

SILVICULTUR£ - the development and care of forests 

SMOKE - solid or liquid particles under 1 micron in diameter (a type of 
aerosol) 

STABILtT!f * the atmo&pberic condltioD which exists when the tanperature of 
the air increases rather than decreases vith altitude 

STRATA * tjpenihgs» largely on the underside of a leaf throxigh which gases / 
enter or leave the leaf ^ ^ 

S!niAl!OSFHER£ - the layer of the atmosphere between the~"tropoa]^here and 
^ 'mesosphere in which ozone is produced* Very little temperature 
change occurs and clouds of water ai^ rare 

TERPEME - a hydrocarbon found in and evaporated from the conifers 

THERMAL OONDUCtlON - the transfer of heat through «r between substances 
which are In contact by the interaction of the particles which 
comprise the substances 

THERMOSFHERE * the fourths layer of the atmosphere » between k& and 360 miles » 
in which the temperature increases ra[>ldly vlth height 

THYROID - a gland which produces an iodine containing hormone that affects 
growth^ development and the metabolic rate 

TOPOGRAPHIC * relating to the configuration of a surface 

TROPOSPHERE - the layer of _ atmosphere which encircles the earth frcmi its 
surface to the height of about 5 miles at the poles end 10 miles at 
the equator 

TURBtlLENCE - cbnvictively produced air movement and mixing 

ULTRAVIOLET RADIATION - radiation beyond the visible spectrum at its 
violet end (less energetic than x-rays) 

VORTEX - a large mass of air having whirling or circular motion 

WllfO - the natural » horizontal movement of the air 
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bicology, Environment, and Man " , " 

The following books are intended to provide you with an 
ecologicetl framework within which environmental problems, auch as 
air pollution and its control, can be understood. Basic ecological 
principl^es are presented from a variety of perspectives. Intensive 
reading'^of one or two works may be more rewarding than skimming 
through many. Browse through several until you find an approach 
that is appealing - then dig int 

The books are divided into two groups. The first group deeils 
with the ecological outlook applied to all living things. The second 
focuses on the ecology of man. 

A. Ecology: The Interrelations Among Living Things and Their Environments 

Ashby, Maurice. Introduction to Plant Ecology, gnd ed. New York, 
St. Martin's Press, 1969* 287 p. 

Bates > M€^rston4 Ttie Forest and the Sea . New York, Random House, 
i960. 277 p. 

' Billings, William D. Plants ^ Man ^ and the Ecosystem . 2nd ed. 

Belmont, Cetlifornia, Wadsworth Publication Company, 1970* 160 p. 

Billington, Elizabeth T. Understanding Ecology . New York, 
Frederick Varne, 1968:- 

Bonner, John T. Cells and Societies . Princeton, New Jersey, 
Princeton University Press,. 1955. 23l*\ p. 

Bpughey> Arthur S., ed. Contemporary Readings in EcoIoct * BelmOnt , 
California, Dickenson, 1969-390 p. 

Buchsbaiam, Ralph and Mildred. Basic Ecology . Pittsburgh, Pa., 
Boxvood Press, 1957. 192 p^" 

Clarke, George L. Elements of Ecology . Rev. ed. New York, Wiley, 
1965c 560 p. . 

Cox, George W., ed. Readings in Conservation Bioloffl . New York, 
Appleton, Century, Crofts, 1969* 

Dansereau, Pierre M. Biogeography : An Ecological Perspective . 
Nev York, Ronald Press, 1957. 39^ p. 
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A. (continued) 

Darling, Lois. A Place In the Sun: Ecology and the Living World . 
New York, Morrow, 1968. 128 p. ^ ^ 

Dasniann, Raymond F. Environmental Coaaervatlon . 2 nd ed. 
New York, Wiley^ I968. 375 p. [ " 

DauTbenmire, Rexford F. Plante and Eaviropment; A Textbook of 
Plant Auto^ecology . 2nd ed. New. York, Wiley, 1959. h22 p. 

Delaubenfels, David J, A Geography of Plants and AnlmalSi 
Dubugne, Iowa, W.C- Brown, 1970. 133 P* 

Elton, Charles S. The Ecology of Animals . l*th ed. New York, 
Barnes and Nohle (Chapmsui k Hall), 196S. 97 p. 

Farb, Peter. Ecology. New York, Time, Inc., 1963. 192 p. 
(Mfe nature Libraiy)"" 

Friepdiy, N Mtraculoua Web: The Balance of Life . Englewood 
Cliffs, New Jersey, Prentice-Hall, 1963. . 

Grossman, Shelly. Understanding Ecology . New York, Grosaet 
& Dunlap, 1970. 

Henderson, Lawrence J. Tiie Fitness of the Etivironment : An Inquiry 
Into the Bioioglcai Significance of the Properties of Matter. 
Boston, Beacon Press, 1959. 317 P* 

Kendelgh, Samuel C. Animal Ecology . Englewood Cllffa, New Jersey, 
Prentice-^Hall, 196I- ^^66 p. 

Knight, Clifford B. Basic Concepts of Ecology. N ew York; Macmillan 
1965.. 1*66 p. 

Kormondy, Edward J. Concepts. of Ecology. Englewood Cliffs, New 
Jersey, Prentice-Hall, 1969. 209 p- 

Kormondy, Edward J., ed. Readings in Ecology . Englewood 
Cliffs, New Jersey, Prentice-Hall, 1965. 219 p. 

MacFadyen, Ainyan. Animal Ecology . 2nd ed. New York, Pitman, 
1963. 31*1* p. 

Milne, Lorus J. and Margery J. The Balance of Nature . New York, 
Knopf, i960. 

Milne, Lorus J. and Margery J. Patterns of Survival . Englevood 
Cliffs, Kew Jersey, Prentice-Hall, 1967. 339 p. 

Nicklesburg, Janet.. Ecology; Habitats^ Miches, and Food Chains.- 

Phllsifisiphia. Lipplncott,. 1969. ~ 
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A. (continued) 

Odum, Eugene P. Ecology. Mew York, Holt, Rinehart and Winston, 
1963. 152 p. 

OdiuELt Eugene, p. Fundamentals of Ecology . 2nd ed. Philadelphia, 
Saunders, 1959* 5*^6 P* - 

Raskin, Edith. The Pyramid of Living fhing g. New York, McGrav- 
Hill, 1967. 192 p. 

Reid, Keith. Mature^ s Metvork . Garden City, Mew York, Publ- 
for the Aiaerican Museum of Natural History by the Natural 
History Tress, 1970. 188 p. 

Sears, Paul B, The Living Landgcape . ffev York, Be?ic Books, 1966. 199 p 

Smith, Rohert^L. Ecology and Field Biology . Hev York, Harper 
& Rov, 1966. 686 p. ' ~ 

Stephen, David and James Lockie. Katm^e^s Way; A Look at the 
Weh of Life . New York, McGraw-Hill, 1969- 136 p. 

Storer, John H. The Web of Life: A First Book of Ecology. New York, 
Hew American Library, 1966. Ikk p. 

Wallace, Bruce and Adrian M. Srh. Adaptation . 2nd ed. jSnglevood 
Cliffs, Mew Jersey, Prentice-Hall, 196i*. 

Whittaker, Robert H., (Sommunities and Ecosystems . New York., 
Macmillan, 1970. 162 p. 

Woodbury, Angus M. Principles of General Ecology * New York, 
McGraw-Hill, 195**. 503 p. 



B. Human Ecology: Man*s Relationship to His Environment. 

Listed below are general works on human ecology and works 
dealing primarily with man*s relationship to his physical and 
biological environment. The literature on menVs relationship 
to his social environment Is too vast to be dealt with here and 
may be searched in the library imder the terms Social Paycholoffl ^ 
and Sociology and their cross-references. 

Adams* Robert M,, et al. The Fltnesa of Mto'a Enviroiuttent . 
Introduction by Jennie Lee. Waehington* D.C. , Smlthftonlan 
Institution Press , 1968, 250 p. 

■ J 

Arthur, Donald R* Man and His Enviroaaent. Key York, American 
. Elsevier, 1969. 210 p. 
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Arvill, Rotert. Man and anvlronftwnt . London, P«llcan Books, 
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Baker, Paul T. and J.S. Welner, edB. , The Blolo ffy n-p w^jni^r^ 
Adaptability* Kew York, Oxford Unlverelti Press, 1966. 5*H p. 

Barker, Roger G. Ecological Psychology : Concepts and Methoda 
for Studying the Envlroiment of Hmnan Behavior. Stanford » 
California, Stanford University Press, l96tj. 2**2 p. 

Bates, Marston. Man in Mature * 2nd ed, Englewood CJlffs, 
New Jersey, '^rentlce-Hall , 1961*. Il6 p. 

Bresler^ Jack B., ed. Environments of Man . Reading^ Mesb. » 
Addison-Wesley, 1968. 289 p. 

Bresler, Jack B. , ed. Human Ecology t Collected Readings. 
Reading^ Mass., Addlson-Wesley > 1966. U72 p. 

Calder, Nigel. Eden Was No Garden: An Inquiry Into the 
Environment of Man. New York» Holt, Rlnehart^ d Winston^ 
1967^ 21*0 p. 1 

Charter^ S.P.R. Man on E^jpth; A Preliminary Evaluation of the 
Ecology of Man . Sausalito^ California^ Contact Editions > 
1962. 272 p. 

Cirlacy - Wantrap, S.V. and j.j. Parsons^ eda. Natural 
Resources r Quality and Quantity . Berkeley ,Unlverfllty of 
California Press, 1967* 2l7 p. 

Clarke, John I- Population Geography , New York^ Pergamon Press, 
1965- 16I* p. 

Clegg, Edward J. The Study of Man i An Introduction to Hunan- . 
Biology * New York, American Elsevier^ l96tJ. 212 p. 

Cohen > Yehudi A., ed. Man in Adaptation; ThO Blosoclal Background 
and The Cultural Present. C hicago > Aldlne, 1968. 2 Vols. 

Comfort > Alexander* The Nature of Human Nature . New York* Harper 
and Row, 1966. 222 p. 

Darling^ F. Fraser. West Highland Survey: An Essas in Human Ecology. 
Oxford, Oxford University Press, 1955^ p. 

Darling, F. Praser, and John P. Milton, eds . Future Environments 
of North America . Garden City> New York> Natural History 
Press, 1966. 768 p, 

Darlington* cyrll D. The Evolution of Man and Society. London^ 
Allen & Unwln, 1969^ 753 p. 

Dasmann, Raymond P. A Different Kind of Country * New York, 
Macmillan, I968. 276 p. 
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Dice, Lee R. ^ftti'a Nature and Mature'g Man : The Ecology of Human 
CCTmnunlties . Ann Arbor, University of Michigan PresB» 1955- 329 

Dicken, Samuel N. and Forrest Ri Pitts > Introduction to Hujpan 
Oeoaraphy . Waltham, Mass.i Elalsdell Publ. Co., 1963. u6B 

Doxiadis, Constantinoe A. EJcistics: An Introduction to the Sclcjice 
of Human Settlemerita . New Yorlf, Oxford University , Press , 1968 527 

Dubos, Rene J. Man AdaT>tlng ' Hew Haven, Conn. , Yale University 
Press, 1965, 527 p. 

Dubos, Rene J. Man> Medicine* and Eavlroninent . New York» Praeger, 
1968. 125 p. 

Dubos, Rene J. So Human an Animal . New Jork, Scribners, 1968. 
267 p. 

Edholm, Otto G. and Alfred L. Bacharach» eda. The PbyaiolofflT of 
Human Survival. N ew York, Academic Press* 1965. 581 p. 

Ehrenfold, David W. Bioloitical Conservation . New York» Holt, 
Rinehart & Winston, 1970. 225 p. 

Ehrlich > Paul R . and Anne H . PoTJUlatlon^ Resources, Environment: 
Issues in Human Ecology . San Francisco, W,H. Freeman, 1970. 3a3 p 

Ekirch, Arthur A., Jr. Man and Nature in America. New York» Columbi 
University Press, 1963, 231 p. 

Elder, Frederick. Grists in Eden; A Religious Study of Man and 
His Environment . Nashville, Tenn.» Ablngdom Press, 1970. l72 p. 

Eyre, S.P. and G.K.Ji Jones, eds. Geography as Human Ecology . 
New York, St. Martin's Press, 1966. 308 p. 

Flack, J. Ernest and Shipley, Margaret C.t eds. Man and the 
Quality of His Environment* Boulder, University of Colorado 
Press, 1968. 251 p. 

Forbes, Robert J. The Conquest of Nature: Technology and Its 
Gonsequencea . New York, Praeger, 1968. 98 p. 

Gleiss, David C, ed. Environmental Influences . New York, 
Rockefeller University Press , 1968. 30k p. 

Goodman, Gordon T., et > al > ■ eds. Ecology and the Industrial 
Society . New York, Wiley, 19^5. 395 p. 

Goodman, Mary E. The Individual and Culture . Homewood» 111., 
Dorsey Press* 1967. 
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Hadlow, Leonai'd. Climate ^ Vegetation and Man . New York, Greenwood 
Press, 1969. 288p. 

Hall, Edward T. The Hidden Dimension . Garden City, New York, 
Doubleday, 1966. 265 p. 

Hardin, Garrett J* Nature and Man's Fate. New York, Holt, Rinehart 
& Winston, 195?* 375 p. 

Hawkes, Jacquetta. Man on Earth . New York, Random House, 1955. 
2h2 p- 

Hawley, Amos H. Human Ecolofg/: A Theory of Community Structure. 
New York, Ronald Press, 1950. U56 p. 

Herber, Levis. Our Synthetic Environment. New York, AlfreU Jn. 
Knopf* 1962. 285 p. 

Hinkle, Lawrence E; Human Ecolo^' and Health in Modem Society . 
Philadelphia, Lea and Febiger (in preparation). 

Hoyt, Joseph B. Man and the Earth . 2nd ed. Englewood Cliffs, N.J., 
Prentice-Hall , 19^7. U57 p. 

Huxley, Thomas H. Man's Place in Nature . Ann Arbor, University 
of Michigan Press, 1969. l8it p. 

Jennings, Burgess H. and John E. Murphy, eds. Interactions of Man 
and His Environment . New York, Plenum Press , I966. 168 p. 

Kardiner, Abram. Study of Human Adaptation . Boston, Hougliton- 
Mifflin, 1970. 

Kuhns , William. Environmental Man . New York, Harper 4 Rov, 1969* 
156 p. 

Lebon, J.H.G, Introduction to Human Geopraphy. 5th ed. London, 
Hutchinson, 1966. l83 p, 

Leeds, Anthony and Andrew P. Vayda, eds, Man^ Culture, and 
Animals; The Role of Animals in Human Ecological Ad.1ustments . 
Washington, D-C. , American Association for the Advancement 
of Science, l965. 301* p, (Its publication number 78) 

Lowenthal, David, ed. Envircnmental Perception and Behavior . 
Chicago, University of Chii'kgo, Dept. of Geography, 1967. 88 p. 
(Its research paper, no. 109.) 

Lynch, Patrick. Man and Mature > Hew York, St. Martin's 
Press, 196^1. 6h p. 
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McKenzie, Roderlch D. Roderick McKenzle on Hmoan Ecology ; 
Selected Wrltlnga . Ed. Amos H. Hwley. Chicago, 
University of Chicago Pregg, 19^9* 3o6 p. 

Margh, George p. Earth as Modified tgr Human Action. A laat 
revlglon of Man and Kature . Hev York, Reprint House 
International c- 1898. 629 p. 

Masglalas, £grron 6. and Jack Zevln. Man and His Environment . 
Chicago, Rand-McKully, 1969. 

Mills, Clarence A. World Pover Amid Shifting CllmateB . Bogton, 
Maag.y Chrigtopher House, 1963. iTl p* 

Mukerjee, Radhakajnal . Man and His Hahitatlon : A Study in Social 
Ecology . 2nd ed. Mew York, Humanities Press, 19ofl* 195 p. 

Nash, Roderick, ed. The American Environment; Readings In the 

History of ConservatlonT Reading, Mass., AddlsoiwWesley , 1966, 236 p. 

National Research Council. Comniitse on Resources and Man. 
Hesources and Man. SanFranclsco, W.H. Freeman, 1969 . 259 P* 
(national Acaden^r of Sciences Publ. No. 1T03) 

Park, Robert E* Human Communities; The City and Human Ecology . 
Glencoe, 111., Free Press, 1952. 278 p. 

Poulton, E.C^ Environments and Human Efficiency . 
Springfield/ 111. / Charles C. Thomas^ 1970. 

Randolph, Theron 6. Human Ecology and the Susceptibility to the 
C hemical Envlroniaent . Springfield, Ill», Charles C. Thomasi 
I 1962. 11*8 p. 

Reyelle, Roger emd Hems H. Leindsberg, edB. Americans Changing 
I Environment. Boston. Houghton-Mifflin, 1970. 314 p* 

Rogers j Edward S. Human Ecology and ftealth; An Introduction 
for Artp 4 nistrators . Nev Yoris;'; Macmillan, i960* 331* p. 

Roslansky, John D., ed. Control of Environment . New York, 
Hmaanlties Press. {Worth Holland Putl. Co. J, 1967. Ill* p. 

Russell, W.M.S. Man, Mature and Histor^^ ; Controlling the 
Environment. Garden City, New York., Natural History press, 
19&9» 252 p. 

Sauer, Carl 0. LarA andl Life; A Selection from the Writings of 
Carl Ortwln Sauer * Ed- by John Leighly. Berkeley, University 
of California Press, 1963. Ii35 P» 

Scheinfell, Amram* Your Heredity and Environment . Philadelphia^ 
lipplncott, 1965. 830 p» '' 
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Semple, Ellen C. American History and Itn QaQgraPhlc CondltloDB. 

Rev. by Clarence F. Jenes. Nev York* Buflaell and Russell, 1966 5U1 p. 

Shaler, Nathaniel S. Hatwe and Man IB America . Plil'ladelphla, 
Burt Frariklln, c. I89I . 290 p. 

Shepard, Paul. Man In th*» Landeoege: A Historic View of the 
Esthetics of Watwe . Hew York, Alfred A. Knopf, 1967 * 290 p. 

Shepard, Paul and McKinl^, Daniel, ede. The Subverfltve Sclenoe : 
Essays Tcward an Ecology of Man . Boston, Houghton-Mlfflln* 
1969. h53 p. 

Sllverberg, Robert. The Challenge of Climate: Man and His 
^vlronment . New York, Meredith Publ. House, 1969-326 p. 

Simpson, George G. Biology and Man . Hew York, Harcourt, Brace 
& World, 1969. 175 p. 

Slnacore, J.S. Healths A Quality of Life . Mew York, Macmlllan, 

1968. 1*96 p. 

Skinner, Brian J. Earth Resources * Snglevood Cliffs* N.J., 
Prentlce-Hali, 1969 • 1**9 P* 

Snyder, Gary. Earth House Hold . New York, New Directions, 

1969. IU3 p. 

Spencer, Joseph E; and William I** Sbooas. Cultural Qeography i 
An Evolutionary Introduotton to Our Humanized Earth* New 
York, Wiley, 1969. 591 p. ^ 

Sprout, Harold H. and Margaret. Ecological Perspective on 

Human Affairs > With Special Reference to International Politics . 
Princeton, N.J.. Princeton ttolverslty Press* 1965. 236 p. ^ 

Stapledon, Reginald G.- HT,iinfln Ecology . Ed. by Robert Waller. 
New York, Hlllery House, 196U. 2^0 p. 

Storer, John H. Man In the Web of Life . New York, New American 
Library, 1968, 16O p. 

Theodorson, George A. ed.. Studies in jf j^ map Ecology . New York, 
Harper & Row, I96I. 6S6 P- 

Thomas, William L., ed. Man^a Role In Changing the Face of the 
Earth. Chicago, University of Chicago Press, 1956. II93 p. 

VaydA, Andrew P., ed. EtivlinDnment and Cultural Behavior: Ecological 
Studies in Cultural Anthropology . New York, Natural History 
Press, 1969 . 



Wagner, Philip I*. Tha Himan Use of the Eatrth . Glencoe, 111., 
Free Press, I960. 270 p. 

Wagner,- Philip L. and Itorvin W. Mlkeseil, «ds. ReadlMs In 
Ctiltural Anthropology . CkLcego, University of Chicago Pr«6ft, 
1962. 589 p. 

Watson, Richard A. and Patty Jo. Man and Waturei An AntroPoiogtcal 
Essay In Suman Ecology . Hew York, Harcourt, Brace and World, 
1969. 172 p. 

Watts, Alan w* The Book; On the Tatoo Against Knowing Who You Are . 
Nev York, Pantheon Books, 1966. 11^6 p. 

Watts, Alv'A W. Poes It Matter? Esaays on Man's Relation to Materiality . 
New York, Pantheon Books ,1970. 

%llc, Philip. The Magic Animal . Garden City, New York, Doutleday, 
1968. 356 p. 

Zipf , George K. Hman Bebavlop and the Principle of Least Effort . 
New York, Hafner, 19^9* 573 p. 



-312- 



II. Pollution and the En vlronmenteLl Crisis 

In recent years there has heen a growing awareness of the threat 
to man's well-heing and survival atewmlng from the accumulation of the 
wastes produced as /by-products of his activities; In the minds of 
some, thifl threat has reached crisis proportions. The following works 
reflect this feeling of crisis and point out ae veil the interrelations 
of all environmental problems. 

A. Books 

Benarde, Melvln A. Qur Precarloos Habitat , New York, W.H. 
Norton, 1970. 362 p, 

Blalte, Peter. <^od's Own Junkyard; The Planned Deterioration 

of America's Landscape . New York* Holt, Rlnehart, and Winston, 

Bregman^ Jack I. and Sergei Lenonoand. The Pollution Paradox . 
New York, Spartan Books, 1966. 191 p. 

Brown, Harrison S. The Challenge of Man's Future, New York* Viking 
Press, 195U. 

Cojmnoner* Barry. Science and Survival , New York, Viking Frass , 
1966, 150 p, 

Cubbedge, Robert E. The Destroyers of America. New York, Macfadden- 
Bortell Corp., 19^^rr 

Dansereau* Pierre M. , ed. Challenge for Survivalt Land> Air^ and 
Water for Man in Megalopolis . New York^ Columbia University 
Press, 1910, 235 p. 

Dasnann, Raymond F. The Peetructlon of California. New York, 
Macmillan, 1965. 2WT^ 

De Bell, Garrett, ed. The Environmental Handbook , New York, Ballantine 
. . Books, 1970. 365 p. 

De Vos, Anthony, et. al. * eds. ^e Pollution Reader. Montreal, 
Harvest House, 196ti. 261* p. 

Ehrlich, Paul R.» et , al . , Ecocatastrophe . San Francisco, City 
Lights, 1970, 

Goidatein, Jerome. Qarhage as You Like It . Eoanaus, Pa.» Rodale 
Books, 1969. 21*3 p. 

Hay^ John, in Itefense of Mature . Boston, Little, Brown & Co., 1970. 

Helfrlch* Harold W., Jr., ed. The Environmental Crisis; Man's 
Struggle to Live With Himself . New Haven, Yale University Press » 
1970<. 187 p. 

O Herber, Levis. CrJ^is^in^^^ Knglewood Cliff e , K,3. . 

ERJC 'rirAl . 1^6:. 23? . . 
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Hocking^ Brian. Biology or Otllvlon: Leaeons from the Ultlmatft 
Science . Cainbrldge* Maso.» Gchenkman » 196^. 

Lawrence^ R.D. The Poison Makers . Camden^ H.J.^ Thcraae Nelion 
Si Sons» 1969. 160 p. 

LaycocJt^ George. The Dllljgent Destroyera . Garden Clty^ N.J.^ 
Douhleday, 1970. 225 p. 

Leinwand,, Gerald. Air and Water Pollution . New York^ Washington 
Square Press > 1969- 160 p. 

Li Hard » Richard G. Eden in Jeoparfly; Man^a Prodigal Meddling 
With His Environment: The Southern gft i J-rnrnla Experience . New 
York Alftred A. Knopf, 1966. 338 p. ' 

Linton, Ron M. Terracide; America's Deatnictlon of Her Living 
Environment . Boston^ Little , Brown and Co.^ 1970. 376 p. 

McClellan,^ Grant S., ed. Protecting Our EnvlroniDent . New York, H.W. 
Wilson Co., 1970. 218 p. IThe R^sference Shelf, Vol. 1*2, No. 1) 

Marine, Gene. America The Raped; The Engineerin g Mentality and the 
Devastation of a Continent . New York, Simon and Schuater, 1969 
312 p. 

Mairg^uis, Ralph w. > ed. Environmental improvement : Air^^ Waters and 
Soil . Washington, D.C., U.S. Dept. of Agriculture , Graduate 
School, 1966. 105 p* 

Mellanby, Kenneth. Peaticidea and Pollution . London, Collinsj', 1967. 221 p. 

pdum, Eugene P., et. al.. The Criaia of Sxarvival . Glenvlew, 111., 
Scott, Foresman and Co . , 1970 . ~ '■ 

Oshorn, Fairfield. Our Plundered Planet . Boston, Little, ^rawn 
and Co. , 

Oahom, Rohert. Mankind May Never Make Tt . Hew York, New York Graphic 
Society, 1966. 

PacJcard, Vance. The Waste Mokera . Hew York, David McKay, i960. 306 p. 

Perry, John. Our Polluted World; Can Man Survive? N ew York, Franklin 
Watts, 1967. 213 p. 

Rlenow, Rohert and Leona T. Moment in the Sun: A Report on the De - 
teriorating Quality of the American Environment . H«w York, 
Dial Presa, l967. 

Rodale, Jerome I. Our Poisoned Earth and 3ky . Emmaus, Pa., Rodale 
Books, 1961*. 735 p. 

Roi^eche, B^. Whafc'^- li^fbu.lteptorts on A Diminishing America: 
Boston, Little Brown 4 Cbmpai^y, 1969- 
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Stewart, George R. Mot So Hlch as You Ihlpfc . Bofiton, 
Hought on^if fU n , 1968. 2^8 p. 

Still, Henry. fPhe Dirty Animal . Mev York, Hawthorne Books. 
1967. 296 p. 

Udull, Stewart X. The Quiet Crisis . Itew York, Holt, Rinehart, 
and WlnstoG, 1963. 209 p- 

Vogt, W.lllam. The Road to Survival . New York, William 
Sloane Association, 

Wilson, Billy R., ed. Environmental Problems: PefltlcldeSi^ Tl^ermal 
Pollution and Environmental gamerglsaa . Philadelphia, 
Lipplncott, 1968. 



B. Articles 

Over the years there has been a steady Increase In concern vlth 
environmental problems, such as air pollution, as reflected In the nunO^er 
of articles published In popular Journals* However, until only recently, 
these problems usually been dealt with Independently of one another. 
The decade of the sixties marks a significant turning point In that not 
only did the number of articles on these problems show a marked Increase, 
but the problems began to be viewed as Interrelated. 

"^.^ 

These are several Indexing services that are us efuX^lnj, locating 
articles on pollution and the environment* These, are in Section I accoo^anled 
by a set of terms under which relevant articles are listed .j 

There are several magazines which present news and articles on 
environmental problems for the layman and stuAant. These are listed in 
Section 2. 

In the spring of 19T2 when public concern with environmental 
problems reached a peak, several magazines Instituted regular sections 
on the environment. These are Hated in Stection 3^ In addition, some 
magazines published special issues as noted in Section ^. 

Section I. Indexes 

Wew York Times Index 



Air Pollution 

Environment 

Pollutim 



U.S. - Environmental Problems 
Water Pollution 
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Readers Galde to Periodical Literature 



Air Pollution 
Environment (^il) 

Industry ^d the Enviromnental Movement 



Pollution 
Water Pollution 



Public Affairs Information Service Bulletin 



Air Pollution 
Ecology 
Environment 
Human Ecology 



Man-Influence iSf Environment 
Pollution 

U.S. -^[Environmental Agencies] 
Water Pollution 



Section 2. Magazines Presenting Hevs and Articles on Environmental 
Polluting Problems. 

Air & Water Conservation. News 
Air & Water News 

Bulletin of the j\t^ i r Scientists 
Chemical & Engineering Revs 
Clean Air Water Revs . - 
Conaervation Foundation Letter 
Environment 
Environmental Jocmal 
Environmental Monthly 

Section 3. Magazines Having Regular Sections on the Environment. « 

Time - "Environment" - beginning vith February l6, l970 iaeue. 
Science Revs - "Environmental Sciences" beginning with February 
28 , 1970. issue. 

Satuiiday Revlev - "Envircwiment 4 the Quality of Life" beginning 
with March 7 » 1970 issue. 

Section 1*. Special ^Issues Devoted to the Environment. 

Revsveek - "The Ravaged Environment". January 26, 1970, 
Fortune - "Environment: 'A Nationetl Mission for the Seventies" 

February 197O issue. 
Progreasive - "The Crisis of Survivetl" April 1970 ieaue. 
Ramparts ^ - "Ecology Special" May 1970 iaaue. 
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TIT. General Works on Air Pollution and Its Control 

A. Introductory Works 

American Association for the Advancement of Science* Cooimittee 
on Science in the Promotion of Huoian Welfare: Air Conservation 
Commission. Air Conservation; Report* ** Washington, D.C, 

1965. 335 p* $8*00 (A*A*A*S* Publication Mo* 80)* 

■ ft 

Battan, Louis J* The Unclean Sky; A Meteorologist Looks of 
Air Pollution * Garden City, N*X*, Anchor Books^ l966* 
Ihl p* pap* $1,25* (Science Study Series, Ho* SU6) 

Bryson, Reid >* and Kutzbach, John E* Air Pollution* 
Washington* D.C. Association of American Geographers^ 
1968* h2 p* (A.A.G., CoDimisslon on College Geograpl^, 
Resource Paper Mo. 2) 

Carr» Donald E. The Breath of Life . New York, W.H. Norton, 
1965* 175 p. $T:9% 

Cormaii, Rena* Air Pollution Pi*lB fr- York, Mationetl 
Tuberculosis and Respiratory Disease Association, 1969* 
lOU p. $1.25. 

Edelson, Edward. The Battle for Clean Air . New York, Public 
Affairs Comndttee, 196?. 28 p* 25* (Public Affairs Pamphlet, 
No. U03) 

Edelson, Edward and Warshofslcy^ Fl-ed. Poisons in the Air . 
New York, Pouhet Books, 1966* I60 p. ?1.00. 

Esposito, John C. Vanishing Air * New York, Grossman Publ. 1970 
?7*95; pap. 95^ (Ralph Nade>*s Study Group Reports) 

Farber, Seymour M*, and Wilson, Roger H.L. , eds* The Air 

We Breathe: A Study of Man and His Environment. Springfield, 
111., C*C* Thomas, 1961. klh p. $U*00* 

Lewis, Howard R. With Every Breath You Take: New York, 
Crown Publ., 1965. 322 p* ¥5*00* 

Mills, Clarence A* This Air We Breathe . Boston, Mass*, 
Christopher Publ* House, 1962* 172 p* $1**00. 

Nadler, Allen C*, et al* Air Pollution. New Yorkj Scientists' 
Institute for Public Tnfpirmation, I9T0. 28 p* $1*00 
(Environmental Workbook)i 
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TIT. General Works on Air Pollution md Its Control 

A. Introductory Works (continued) 

Rossano, Jr., ed. Air Pollution Control: Guidebook 

for Management . Stanford, Connecticut, Environment Research 
and, Applications Inc., Environmental Science Service 
Division, 19^. 2ll* p^ $15.00. 

Scorer, Richard S. Air Pollution . Kev York, Pergamon 
Press, ,1968. l5l p. $7^50; pap* $1*.50 (flexi-cover) 

Sproul, Wayne T. Air Po llution and Its Control. Jericho, 
N.Y., Exposition Press, I9T0. 106 p. ?U.OO. . 



B. Prophecies and an Account of an Air Pollution Episode in London 

Lodge, James P., coiiip. The Smoake of London ; Two Prophecies ; 
Famifugum ; or> The Inconvenience of the Aer and Smoake of 
London Dissipated , Ity John Evelyn; and The Doom of London , 

Robert Barr. Elmsford, N.Y., Maxwell Reprint I969 ^ 
56 p. $5.00. 

Wise, William. Killer Smog; The World's Vorst Air Pollution 
Disaster . Chicago, Rand McNully, I968. 181 p. $5^95. 



C. Textbooks ' . * 

Faith, William L. Air Pollution Ccntrol. New YorK, Wiley, 
1959^ 259 P^ o^p. 

Gilpin, Alan. Control of Air Pollution . New York, Plenum 
Press,' 1963. 51^ p. $25^00. 

^ [ , ■ 

Meetham, a.r. Atmospheric Pollution: Its Origins and Prevention . 
3rd e<i. Rev. "by D.W. Bottom and S. Cayton. Oxford, Pergamon 
Press, I96I*. 301 p. $10.00. 

Stern, Arthur C, ed. Air Pollution. 2nd ed. New York, 
Academic Press, 1966. 3 Vols. $95.00. 

Thring, Meredith W. , ed. Air Pollution. London^ Butterworths , 
1957. 21*6 p. o.p. 

World Health Organization. ' Air Pollution. New York, Columhia 
University Press, l96l. ^\h2 p. o.p. (w.H.O. Monograph Series, 
Wo. 1*6). 
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III. General Works on Air Pollution and Its Control 
D. Pamphlets 

Air Pollution. -tA National Problem . Washington, U.S. Govern- 
ment Print. Off., 1962 50 p. (PHS Publication Ko, 9T5)- 

Air Pollution: The Facts . New York, National Tubercxilosis and 
Respiratory Disease Association, 1970. free. 

The Air We Live Ini The Health Effects of Air Pollution . 
Washington, U.S. Government Print. Off., 1959- 
Publication No. 6I40) free. 

The Battle for Clean Air , by Edward Edelson. New York, Public 
Affairs Press, I967. 28 p- (Public Affairs Pamphlet No. 

ho3) 25^. ■ : 

Clean Air for Your Community , Washington, D.C. Supt. bf 
Docs, U.S. GoverniDent Print. Off . , I969. 12 p. 25^.^ 

Cleaning the Air; A Layman's Guide to Atmospheric purity 
' by Wallace West, New York, American Petroleiim Institutes 
Committee on Public Affairs,. 1963. free. 

The Effects^of Air Pollution. Washington, Supt . ol* Docs, 

U.S.G.P.O. , 1967, 18 p. (PHS Publication No. 1556, Rev. I967) 
25^. 

Everyday Facts About Air Pollution . Washington, Manufacturinfi; 
Chemists Association, I966. free. 

The High Cost of Air; Economic Effects of Air Polli^lon. 
Washington, Supt. of Docs, U.S. 1958* 5 p* 

Physician's Guide to Air Pollution. Chicago > LU . , Americas' 
Medical Association, I968, 20 p. free. 

Primer on Air Pollution . 2nd ed. New York> Mobil Oil Co., 
n.d. , 20 p. free. , 

Smofi-The Silent Killer; I967 Biennial Report. Los Angeles, 
California State Motor Vehicle Control Board. 1967- 

Some Health Aspects of Air Pollution. New York, J.)epL. of Air 
Besources, City of New York; I969, 

SoTxrces of Air Pollution jand Their Coni/rol . Wasli.lngtou , Supt. 
of Docs, U.S.G.P.O. 1966^ PHS Publtcatic^n No. VAQ^ 
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Geoeral Works on Air Pollution and Its Control 

D. Pamphlets (continued) _ 

A Study of Pollution - Air : A Btaff Report to the Coomilttee 
on Put) 11c Works. U.S. Senate. Washington! U.S.O.P.O. 1963 
( ComnLittee Print 66th Congrees» Ist Ses*loD}» 62 p. 

Take Three Giant Steps to Cleaner Air ; Washington, D.C, U.S,G,P,0. 
1966* ~ 

Together We Can Cheek the Blight of Air Pollution ; A Partnership tw 
Local CoDtrol. Plorham Park, N.J, » John Wood Coorpany, 
, Air Pollution Control District^ n*d. 20p, 

No Laujdiing tiatter ; The Cartoonist Focuses on Air Pollution. 
Washington, B.C. U.S.G.P.O, » 1966. 70#. 

Oar Polluted World ; American Edttcational Publications^ 1966^ 
3?^. Junior Hig^. 
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IV. Scientific and Technical Aspects of Air Pollution and Its Ccntrol 

Ttie literature on tllft scientific and technical aspects of aix" 

pollution and its control is too vaat to be listed here. Since 19$^> vhen 

the Air Pollution Control Association begu to issue abstracts (see APCA 

Abstracts ■ belov) more than 13,000 articles and monographa have been 

abstracted. Fortunately, there are several excellent bibliographic toMs 

i^ich permit easy identification of material on a given topic. 

Any search of the literature should begin with the three-volume 

textbook edited by Arthur C. Stern ( Air Pollution . 2nd edition. New ifork. 

Academic Press, I96Q) ^ Although it is several years old, it provides a 

coinprehensive summazy of lihe literature on tlie scientific and technical 

1. ^ - 

aspects of air pollution and its control. Individual chapters consist 

of review articles written many of the leading experts in the field. 
Bach article can serve as an introduction to any particular topic as veil 
as a guide to the literature up to about I968. Author and subject indexes 
are included in each volume. 

For more recent works on eill aspects of air pollution and its con-* 
trol, the prcnrioualy mentioned APCA Abstracts is an excellent guide. 
Issued monthly as a supplement to the Joarnal of the Air Pollution Control 
Association t it includes abstracts of articles appearing in over 6OO Journ- 
als as well as preceedings of conferences ^ collected works and individual 
monographs. Abstracts are numbered consecutively since 1955 and include 
a con^lete citation (using standard abbreviations for periodical titles) 
and m abstract or sutnnary prepared either tfy the author or by the staff ; 
of the Air Pollution Control Association. The July issue includes a Title 
Index for the previous volume (JUne^^tay) ;the August issue includes an Author^ 
Index; and the September issue includes a Jcumeil Index with full titles 
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The way In which these two tools my be used together ie shown by 
the tabXe below in which the parts of Stern are matched vlth the 
correepondlns sections of APCA Atetracts • The numbers before the titles 
of these sections correspond to their order In APCA Abstracts * , 



Stem - Air PollutloiL 

Volume I. Air Pollution and its Effects 
Part 1* Air Pollution (Phenomena) 
Part 2. Air Pollution Meteorology 
Part 3* Effects of Air Pollution 



Volume III* Sources of Air Pollution 
and Their Control 
Part 7* Sources of Air Pollution 
Part 8. Control Methods and Equip< 
ment 

Part 9* Air Pollution Control 



[not dealt with In Stern] 



APCA Abstracts 

1* General Aspects 

2* Emleslon Sources 

3* Atmospheric Interactions 

6. Effects * BOmaa Health 

7* Effects - Plants and Livestock 

8. Effects - Materials 

9* Effects - Economic 



Ut Measurement Methods 
13. Basic Sciences and Technologies 
10* Air Quality Measurements 
13. Basic Sciences and Technologies 
2« EndssloD Soarcea 
Measurement Methods 



2* Emission Sources 

5* Control Methods 

13* Basic Sciences and Technologies 

11* Legal and Administrative Aspects 

12* Standards and Criteria 

ll** Social Aspects 



Volume II* Anaiiysis* Monitoring^ Surveying 
Part ^« Analysis of Pollutants 

Part 3* Air Quality and Meteors * 

logical MonltoHng 
Part 6* -Source Measurements and Coifr*^. 

munity Surv^ 
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1* There aire sepai'ate chapters on the legal and administrative aspecta of 
air pollution and its control, but economic, political^ and social aspects 
are dealt with only in passing or not at all* 
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Several other abatracting and indexing Benrices should be mentioned 

also: 

1, Air Pollution Abatracta. laaued monthly by The Warren Spring Labomtoiy, 
Stevenage, England, it may pick up titlea from British and other European 
^ countries that are missed by AFCA Abstracts* Organization is similar to 
that of AFCA Abstracts* ^ ifovever, since they photoreproduce abstracts from 
original: sources (as veil as those of AgCA Abstracts i)i tfaervariations 
in typography mai&e them difficult to read* 

2* Air Pollution Bibliography * this appears periodically in issues of the 
foumal Atmospheric Environment; An Intemational Journal , published 
In England* It consists of selected titles from APCA Abstracts vithout 
the abstracts, ^e organization of the titles in AFCA Abstracts is 
retained* It can serve as a quick finding checklist for retrospective 
searches only, since there is a delay cf s^v^^ral months between the time 
they are abstracted in APCA Abstracts and listed here* 

3* Air Pollution Titles; A Guide to the Current Air ^Pollution Literature s 
Issued bimonthly by the Center for Air Environment Studies, ^e 
Pennsylvania Stata University, University Park, Pennsylvania, this 
publication is a "^Key^ Mbrd^in-Context (KWIC) Index" to articles on air 
pollution. It is intended as a current avareness tool for research vorlcers 
rather than as a retrospective searching taol. The November - December 
issue cumulates the titles for the whole year and can be purchased 
separately, . 
1*. MAFCA Abstract Bulletin * Published monthly by the Air Pollution Technical 
Information Center of the National Air Pollution Ccmtrol Administration, 
this publication is intended as a current awareness bulletlu providing 
abstracts from "over 1000 dodiwstic «nd foreign Journals,**, from govern-* 
menteil and industrial report literature* and from preprinn;s." It 
^^upat<^^.te?! ^-Wroff' -cUe APCA Abfttrac'^^o vj^tii, peji'h&ps rtiora rrc-^r: x.:^^ 
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technical report liter&ture m&de anrailable through the Clearing house for 
Federal Scientific and Technical Information^ the main source of pubkications 
produced by govemment and government sponsored research; Having begun 
publication in 19T0 it can serve u a guide to the most recent literature 
to supplement APCA Abfltracts * Its organiaation is thftt of APCA Abstracts , 

A qymbec of other indexing and' abetvacting seiriees may also be 
searched for more specialised topica* Ibose include the folXowing'* 
1« Applied Science and Technology Index* (Wil«on« Hev York) 
2, Battelle Ttecihnical Reviey * (Battelle Memorial Institute* Columbus « Ohio) 
3* Bibliography of Agriculture^ (Rational Ubrazy of Agriculture, Wa$hington«D«C« ) 
Biological Abfltracts * (Biological Abstracts Inc*v Philadelphia* Penn«) 
Chemical Abstrtets * (American Chemical Society* EatstDn* Pennsylvania) 
6« Engineering Index * (Engineering Index* Inc«* jRev York) 
7. Environmentai Effects on Materials pjd EouiTOnentt Abstracts * (National 
Acadei^y ol' Sciences * Rational Bssearcb Council* Diviaioo of Chemistxy 
and Chemical T^chnology^ Prevention of Seterloraticm Center^ Washington* 
;DmC«> Junckhly 

8« Inggx Medicuo . (National Ubrai7 of Medicine* Betheada Maryland) 

r J 

9^ Industrial Hygiene Digest, (industrial Hygiene Foundation* Pittsburgh *iPa«) 
10* Intematianal Aerospace Absttyanta* (Anerlcan Heteorologlcal Society* Washing- 
ton* D«C«) 

11. Journal of the Iron and Steel Institute * (iron and Steel Institute* London* 
England) . . . 

12, Meteorological and Geoastro^ysical Abstracts . (Anerlcal Meteorological 
Society* Wiiahlngton* D.C.) 

13« Huclear Science Abstracts * (lilvlaion of fiteehnlcal Institute* A«E«C«Oak Bidge^ 
fltennessee) 

Ik* Public Health Englnaarlng Abstracts * (National Center for Urban and In- 
dustrial Health* U.S.* P.H.S. Cincinnati* Ohio) ^ 
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15. Scientific and Tftchnlnul A^jr^niice Itewrtei NASA^ WaShiogton, D.C.) 

16. Technical Abstract Bulletin j( DDC» Defense Supply Agency, Cauron Station 
Alexandria, Virginia ) 

17. U^S. Gonr^wimpnt. flj^^iLT^^h imd Dav, pjipi-A.( dys^FT ^ Waahlngton^ D.C.) 

18. Biological and Agricultural Index . (l,W,Wilson Co. » New York) 

19.. Geoptersical Abetmots^ (U<S< Goirenuient Printing Office, Vaflhlngton,D<C. ) 

20. OccuTiatlQpal Safety and ttealth Abstracts^ (international Safety and 
Health Information Centre, Geneva, Switzerland) 

21. Monthly Catalog of U.S. Gorepmnant ftibli cations ^ (U.S. Qoiremment Printing 
Office, Washington » D,C, ) 

22. Pandex Current index of Scientific and Technical Literature . (c^C.M* 
Information Sciences, Inc., Nev York) 

23. Science Citation Index . (Institute for Scientific Information, Philadelphia^ 
Penney Ivanla) . 

2U. Search: Chemical Materials & Products Diyislon . (Compendium Publisher's 
International Corporation^ Fort Lee^ IftJ.) 

25. Wild Life Review . (Patuxent Wildlife Research Center^ Uurel» Md.) 

26. GOvemment-Wide Index to Federal Research and Develoiment Reports . 
(U»S. Department of Cononerce, Clecoi^nghouse for Scientific and Technical 
Information^ Springfield* V..) Indexes unclassified reports produced as a 
result of government ^sponsored research and development as they are 
abstracted in items numbered 13» 1?, I6, and 17 above. 
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Handbooks and Manuals . ' . 

Air Pollution Control Association. Technical Manuals . Nos. 1-4, 
Pittsburgh, Pa. , 1963-1968. 

American Industrial Hygiene Association. Air Pollution Manual , 
two parts, Detroit, Michigan, 1960, 1968. 

Los Angeles County Air Pollution Control District. Air Pollution 
Engineerin_g Manual , compiled and edited by John A. Danielspn . 
Washington, D.C. , U.S. Govt. Printing Office, 1967. " (Public 
Health Service Publication No. 999-AP-40) . 

Magill, Paul L. , et al . , Handbook of Air Pollution; Training 
Program . Washington , D . C, U.S. Govt. Printing office, 19^8. 
(Environmental Health Series; Air Pollution; Public Health 
Service Publication No. 999-AP-44). 



Journals . 

The following journals regularly include articles on the scientific 
and "technical aspects of air pollution: 

Air Pollution Control Association Journal . 1951-Monthly . 
Individuals $15 , Institutions 550. Air Pollution Control 
Association, 4400 Fifth Avenue, Pittsburgh , Pennsylvania 15213. 

American Industrial Hygiene Association Journal . 1940- Six issues/ 
year. ^15 . American Industrial Hygiene Association, 25711 
Southfield Road^ Southfield, Michigan 48075. 

Analytical Chemistry . 1929 . Monthly . Membership; non-meinbers $5 . 
American Chemical Society, 1155 I6th Street, N.W.Washing, D.C. 20006.'- 

Archives of Environmental Health . .19501 Monthly. $12. American 
Medical Association, 535 North Dearborn^ Street , Chicago, Illinois 60610- 

Atmospheric Environment; An International Journal . 1967-Bi-monthly . 
Institutions 550. Pergamon Press, 44-01 21st Street, Long Island 
City, Nejtf York 11101. 

Atmospheric Pollution Bulletin . 1932. (In 3 Sections: Section 1 
and 3 Monthly; Section 2 Semi-monthly) Warren Spring Laboratory, 
Gunnels Wood Road , Stevenage , England. 

Bulletin of Environgiental- Contamination and Toxicology . 1966- 
Bi-monthly. $20. Springer-Veriag New York, Inc., 175 Fifth Avenue, 
New York 10010. 

Chemical Engineering . 1905. Fortnightly. $4. McGraw-Hill, Inc. 
330 West 42nd Street, New" York , New York 10036. . 

Chemical Engineering Progress . 1947. Monthly. Free to Members; 
Others $25. American Institute of Chemical Engineers, 345 East 
47th Street, New York, New York 10017. 
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Conibustlotifl . 1929. Monthly. $4. Combuotlan Publication Company, Inc.» 
277 Park Avenue, New York, New York 10017. 

Contamination Control . 1962- Hcmthly. $5. (Anarlcan Asaoclatlon for 
Contamination Control) Blachnent Publication Conpany, Inc.» 1605 
Cahnehga Boulevard, Loe Angelea» California 90028. 

Envlroninental Reeearch . 1967* Bi-wmttily. $25. Academic Preset Inc., 
Ill Fifth Avenu«t New York* New York 10003. 

Environmental Science and Techaology . 1967^ Monthly. Non^^mambera $7* 
American Chemical Society, 1155 Sixteenth Street, N« W., Waahlngtoni 
B.C. 20036. 

Health Physics . (American Health Phyalca Society). 1958. Hontbly. $60. 
Pergamon Press, Inc.» Maxwell House, Palrvlew Park* Elnatord, Mew York 
10523. 

Institute of Fuel Journal . 1926. Honthly. Membership; Non^-membera 150s. 
Institute at Fuel, 18 Devonshire Street, Portland Place, London tfl» 
England. 

Nature . 1869. Weekly. $39* Hucmlllend and Company^ Ltd., St. Kartin*a 
S treaty London Wl2» England. 

Oil and Gaa Journal . 1902. Weekly. $9. Petroleum Publication Company, 
211 S. Cheyenne Avenue » Tulsa, Oklahoma 7410L 

Paper Trade Journal . 1972. Weekly $5. Locbwood Trade Journal Company, 
551 Fifth Avenue^ New York, New York ^ 10017. 

Pollution Atpoapherlgne . 1959. Quarterly. 40F. Soclete de 1& Reme» 
21 rue Marlllo* 75-Paris (8e)* Ftahce. 

Power . 1882. Monthly. $5. McGraw-Hill^ Inc., 330 Weat 42nd Street^ 
NevYork» New York 10036. 

Rubber World . 1889. Honthly. $7. Bill Brothers Publication Corp., 630 
Third Avenue, New York, New York 10017. 

Science . 1880. Weekly* $12* American Association for the Aidvanceoent 
of Science, 1515 Maasachuaette Avenue, N.W. Washington, D.C. 20005. 

Science Journal . 1965. Honthly. $10.50. Aaeoclated Illtte Preee^ itd.» 
Doraet House, Stamford Street, London SEI, England. 

Smokeleefr Air .^ 1929* Quarterly. Non^^members $1.40. National Society 
for Clean Air, Field House « Breams Building, London EC4» England. 

Stuub . (English Translation) Clearinghouse for Federal Scientific and 
Technical Information^ UiS. Department of Commerce, Springfield, Virginia 
22151. 



-326- 



Talaatg * 1958. Monthly. $90* PergUKm Ptms, Inc., HkxmlZ Boufe, 
Falrvlttw Park, Eloatordt Mew Tork 10523. 

TAPPI . 1949. tkmthlyt Mainbership. Technical Aasoclatlon of Tha 
Pulp and Paper Industry, 360 Lexlnstim Avenue, New Tork, Nev Tork 
10017. . 

Tachnolofey Berlctf . 1899. Monthly (no. 5-July) $9< Alunol Aeaoclatlont 
Maaaachua^tta Inatltuta of Tachnologyt Soon E19*30, Canbrtdgat Htaa. 

02139. 

tfaaaer. Luft and BaTrleb .^ 1957. MMebly.]ir^l.20. RS Krauaakopt-Verlag, 
Leaalngatraaae 12*14, 65 Mklnxp Genuuay. 

W ort " Envlronnent - He«ltli . Instltutt* of Occupational Btaltti. Helsinki, 
Finland. 

WHO Bulletin . 1947/ar Mmttily. $23. Wbrld Health Organlxstlon. Palais 
des Nations, Geneva, Swltcnrland. 
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Scientiflc and Technical Aspects of Air Pollution and Its Control (continued) 

The following list of books Is selective and includes mainly books in 
print and available frcan trade publishers. Some govemiftent publications 
are also Included. Technical reporst have for the most part been 
excluded. They-may be fouDd throug^i APCA Abstracts' or other abstracting 
and indexing services mentioned aboBe. 

A. Geochemistry and Geophysics of the Earth 

Advances in Geophysics . Ed. by 11. E. Landsberg, and others, volunies. 
New York, Academic Press, 1952-1970. 

Ahrens, Louis H. The I>l8tributioD of Elements in Our Planet . New York, 
McGraw-Hill, 196?. 

Ahrens, Louis H. , et al. , eds. ^e Phyaics and Chemistry of the Earth. 
7 volumes, Oxford, Pergamon Press . 

American Chemical Society. Chonistiy and the Enyironmenttlhe Solid Earth| 
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